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1. History of the Solar Pneumatic Engine 
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Was Tesla the true inventor of the solar air engine? 

During the last two decades of the 19th century, while 
the fledgling compressed air locomotive industry struggled to 
gain a foothold in the face of competition from steam, electri- 
fy, gasoline and its own inadequacies, Nikola Tesla was quiet- 
ly working to invent the means whereby the compressed air engine 
could be made self-fueling, powered by ambient heat, constantly 
replenished by the sun. 

Tesla knew about the second law of thermodynamics, which 
states that energy goes from a concentrated, usable form, to a 
dissipated, less usable form. He disagreed, not with the law 
itself, but with interpretations of the law which claim that it's 
virtually impossible for a machine to cool a portion of its en- 
vironment below ambient temperature in order to draw heat-as- 
fuel into itself, to make itself totally self-fueling. In order 
to prove that an engine could run on nothing but solar-induced 
ambient heat, Tesla invented his mechanical oscillator, a recip- 
rocating piston engine with no piston rings, lubrication or valves. 
Dy eliminating most of the air engine’s moving parts, thereby 
most of its friction losses, Tesla hoped to give his theory its 
best chance of working in practice. He then invented a compres- 
sor similar in concept to his oscillating engine, eliminating 
all rotary motion from the resulting air engine/compressor assem- 
bly * Despite the high efficiency of a machine having so few 
moving parts, this would have been a perpetual motion idea if 
he'd stopped there. But the engine and compressor were only the 
first two parts of his five-part plan for a self -fueling solar 
pneumatic engine. 

In the spring of 1395, Tesla was working on the third 
part of the solar power plant, which he doesn't fully describe 
in the article I've seen, but its function was to produce refri- 
geration in a very simple and efficient way. Then his labora- 
tory burned down, and he was never able to finish his invention, 
though he firmly believed that it would work. 

In an article published in Century Magazine in June, 

1900, Tesla revealed for the first time that his real purpose 
for inventing the oscillating engine— which he also used as an 
actuator to generate electricity — was to provide the world with 
a solar power plant that would run on compressed air and ambient 
heat. In 1936 I coincidentally got on the same theme of entrain- 
ing ambient heat for a self-fueling pneumatic power plant, not 
knowing of Tesla's work in this field. I even chose for my design 
the oscillating engine Tesla had invented for this express pur- 
pose. 

Two years after Tesla revealed that his oscillator was 
meant to be part of a solar power plant, Edward A. Rix of San 
Francisco published an article in a technical journal about using 
three-stage air engines to pump water. This is the first and 
last reference I've ever seen to triple expansion air engines 
being used in the U.S. Rix gives the results of reheating the 
cold air between stages with the ambient heat in the water that 
the engine is pumping. This is basically a groundwater- source 
heat pump supplying an air engine with a good chunk of its fuel 
supply for free. Edward Rix was one of the pioneers of modern 
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pneumatics, and the compressor company he founded is worth over 
#5 million today, . Rix built pneumatic locomotives, published 
textbooks and articles on the use of compressed air, and received 
many patents on pneumatic power machinery. 

Until early in this century, an air engine would use air 
expansively to push one piston and then exhaust the air. Be- 
cause of the large drop in temperature accompanying its expan- 
sion, the air had to be reheated before it could be admitted to 
the engine, to keep the engine from freezing up. The primary 
fuel for this reheating was coal which was usually burned to 
heat water at the filling station. The locomotive would fill 
up with hot water when it stopped to fill up with air. 

In 1904, <J.F. Gairns published an article describing 
the virtues of the Vauclain compound locomotive built for the 
Philadelphia and Reading Coal and Iron Co. This system, and 
the H.K. Porter Co.*s system that C. B. Hodges wrote about in 
1905, used ribbed cylinders to absorb as much ambient heat as 
possible to reheat the air. 

In 1904, four years after Tesla published his revela- 
tion about ambient heat as a fuel source, the same Charles Bowen 
Hodges of Pittsburgh invented the "atmospheric interh eater", 
which I call the ambient heater. This simple heat exchanger 
is placed between the stages in a two-stage air engine. The 
air exhausted from the first-stage cylinder into the inter- 
heater is extremely cold and absorbs ambient heat in the inter- 
heater before being used again to push the second-stage piston. 
Thus was eliminated the need to burn coal for the reheating 
of compressed air in engines. 

The compressed air locomotive industry jumped on this 
idea and adopted it across-the-board, beginning in 1907 when 
Hodges got his patent. From then on, writers on compressed 
air locomotives focused on the advantages of ambient heat above 
all other means for reheating compressed air, and the substan- 
tial gain in fuel economy resulting from doing so. Hodges got 
six or seven more patents between 190B and 1912 for means of 
using the interheater in compound compressed air locomotives, 
all of which he assigned to the H.K. Porter locomotive company. 
From then on, the H.K. Porter Co. seemed to be almost monopo- 
lizing a thriving market for compound compressed air locomo- 
tives, which were mainly used in mining. The ambient heat re- 
sulted in a 30$ reduction of fuel consumption by the air engine. 
This is analogous to modifying a gasoline engine that normally 
gets 30 rapg, in such a way that it gets about 40 opg. 

By 1910, the compound pneumatic locomotive was being 
used in Britain. Two years later the Europeans took the pneu- 
matic/ambient heat engine two steps further than the Americans 
would ever take it, by building triple expansion air engines 
for their mine locomotives. These engines absorbed ambient 
heat before all three stages, using three ambient heaters to 
the Americans* one, and consumed 55$ less compressed air than 
they would have without the ambient heat. This is analogous 
to a gasoline engine that normally gets 30 rapg, modified to 
get almost 50 mpg. Triple expansion pneumatic locomotives 
were used in Britain, France, Germany, Spain, Austria-Hungary, 



and Belgium. While hundreds of H.K. Porter two-stage loco- 
motives were hauling coal in the U.S., there were hundreds of 
A. Borsig Co. three-stage locomotives hauling coal in Germany 
alone. 

In July of 1914, the war with Germany began. 

Itn August of 1914* the editor of the Compressed Air 
Magazine published a disclaimer for his magazine’s June article 
on the triple-expansion pneumatic locomotives being used in 
Europe. The article offers no technical arguments, but in a 
sarcastic, pro-American vein, thrashes out at the idea that 
triple expansion engines could possibly be as efficient as every- 
body else was saying they were. Citing no technical evidence 
whatsoever, but only raving in a jingoistic fashion, the editor 
failed to impress anybody and the use of compound pneumatic 
locomotives continued throughout the 1920's in the U.S. and 
Europe. Detailed studies on the air consumption of triple ex- 
pansion pneumatic locomotives used in France were published 
in the early 1920’s. Successive editions of Robert Peele’s 
widely-used compressed air and mining textbooks continued to 
emphasize the importance of ambient heat. 

I assume that it was the Depression and the Second 
World War that brought the thriving market for pneumatic/am- 
bient heat engines to a halt in the 1930 *s. 

Whether Nikola Tesla was actually the original source 
of inspiration for the solar pneumatic engine isn’t important, 
but one more bit of circumstantial evidence should be included 
here. Sometime after 1910, Tesla formed the Tesla Propulsion 
Co, in Albany, New York, to develop his steam- or compressed 
air-powered bladeless turbine for ships and the coal mining 
industry. In this venture, Tesla’s partners were Joseph Hoadley 
and Walter H. Knight, inventors of the highly successful Hoadley- 
Knight pneumatic locomotives used for street transit. Hoadley- 
Knight engines were compound, but still used hot water from 
filling stations to reheat the air, instead of ambient heaters. 

I’d appreciate hearing from anyone who knows of a more 
complete source of information on Tesla’s five-part plan for 
fueling a solar pneumatic power plant with ambient heat. 

"I expect to live to be able to set a machine in the 
middle of this room and move it by no other agency than the 
energy of the medium in motion around us." — Nikola Tesla, 

New York Times, September 30, 1$94. (At the time he made the 
above statement, Tesla was, in his words, "pushing vigorously" 
toward the completion of the linear air engine/compressor that 
made up the first two parts of his five-part solar pneumatic 
power plant. His term for ambient heat was "the energy in the 
ambient medium," almost exactly the same term he used to refer 
to the fuel source for the self-acting machine he named in the 
above quote. In 1$94 he was keeping it a secret what his am- 
bient energy source was, not revealing till 1900 that it was 
heat stored in the atmosphere by solar radiation. The above 
quote has often been assumed to be in reference to some sort 
of electromagnetic free energy device, but I suspect that this 
famous quote is actually referring directly to Tesla’s then- 
current experiments on running engines on compressed air and 
ambient heat. ) 
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Soft technologies are diverse . . . 
rely on renewable energy flows . . . are un- 
derstandable . . . and are matched in scale 
and energy quality to end-use needs. 



PLOW BOY: Perhaps you could explain what you mean by that 
. . . by matching "energy quality" to end-use needs. What does 
that mean? 

LOVINS: Well as you know, energy comes In many different 
forms, some of which are what a scientist would call "low 
grade" energy. That isn't a derogatory term ... it just means 
that the kind of energy in question— low-temperature heat, 
usually— can’t do difficult kinds of work. Now, there's an awful 
lot of low-grade energy around. There’s more low-grade 
energy in the Atlantic Ocean, for instance, than there is high- 
grade energy in all the oil in the Middle East, but you can’t do 
much with it. 

By matching energy quality to end use needs, I simply mean 
that where you have a job that can be done by low-grade ener- 
gy, you. should use low-grade energy to do that job, and not 
high-grade energy. 

PLOWBOY: Is there much of a need for low-grade energy In this 
country? 

LOVINS: Oh yes. About half of all the energy needed in the U.S. 
today is required in the form of heat at temperatures below a 
few hundred degrees Celsius. Altogether something like 58% of 
our end-use needs are for heat. And only a fraction of that 58% 
is high-temperature heat. 


Rocky Mountain Institute Newsletter 


PLOWBOY: How do you answer critics who say that energy 
storage is a major problem with soft technologies? 

LOVINS: I think they’ve got it backwards. Energy storage is a 
major problem with hard technologies. It's a minor problem 
with soft technologies. The reason for this is that with soft 
technologies, you aren’t trying to electrify everything or store 
large amounts of energy. You would instead be trying— where 
you needed storage— to store energy at the point of end use, in 
rather small amounts, and often at rather low quality. Now it’s 
very simple to store low-temperature heat . . . you can do it in 
water or rocks. There might be more elegant ways to do it, but 
you don’t need them. 

Again, let's go through the kinds of energy we’re talking 
about. Low- and high-temperature heat would be stored as 
heat, at the point of end use. That’s easy. Liquid fuels would be 
stored as liquid fuels. That’s easy , . . we’re already doing it. 
Electricity would be stored as water behind existing dams. 
We’re already doing that too. That’s all there is, except maybe 
for mechanical energy, which you can always store as com- 
pressed air. 

PLOWBOY: Compressed air? That’s not very practical, is it? 

LOVINS: I think it is. Some European cities— Paris and Vienna, 
for example — used to offer compressed air as a standard utili- 
ty. It ran all the motors in those towns until the turn of the cen- 
tury, when electricity took over. Compressed air is actually a 
very highly developed technology. I recently looked in the Yel- 
low Pages of the phone book In a large American city, under 
the heading "Compressed Air", and there were something like 
sLx pages of listings ! 

Compressed air is very handy stuff. It's exceedingly simple 
and reliable. It’s spark-proof, which— of course — is why it's 
used so much in mining. And it has good torqueing characteris- 
tics . . . air-powered wrenches are used, for example, in car 
assembly. Of course, it’s also used there because if the workers 
were to steal the tools and take them home, they wouldn’t be 
able to use them. 

Anyway, I think compressed air has been much underrated 
as an energy carrier. 



Amory Lovins (Director of Research), a consultant experimental physi- 
C1S ’ r Y as edu cated at Harvard and Oxford. He holds an Oxford MA 
an ivc onorary doctorates, has taught at many universities, and has 
been active in energy policy in more than 15 countries. A Fellow of 
the American Association for the Advancement of Science and former 
member of the Department of Energy’s senior advisory board, he has 
published a dozen books and over 100 papers. His energy consultancy 
to many national, state, and local governments and to private firms 
has made him, in Newsweek's terms, "one of the Western world’s most 
influential energy thinkers.” He and Hunter shared a 1982 Mitchell 

ti ", a p l 98 ?, R,ght L ‘ v elihood Award (often called the ” alterna- 
tive Nobel Prize"). (photo, by Dou 8 Child] 
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THE PROBLEM OF INCREASING HUMAN ENERGY. 


WITH SPECIAL REFERENCE TO THE HARNESSING 
OF THE SUN’S ENERGY. 

BY NIKOLA TESLA. 

Century Illustrated Magazine, June 1900 


ENERGY FROM THE MEDIUM — THE WINDMILL 

AND THE SOLAR ENGINE — MOTIVE ROWER 

FROM TERRESTRIAL HEAT — ELECTRICITY 

FROM NATURAL SOURCES. 

But, whatever our resources of primary 
energy may be in the future, we must, to 
be rational, obtain it without consumption 
of any material. Long ago 1 came to this 
conclusion, and to arrive at this result only 
two ways, as before indicated, appeared pos- 
sible— either to turn to use the energy of 
the sun stored in the ambient medium, or 
to transmit, through the medium, the sun’s 
energy to distant places from some locality 
where it was obtainable without consump- 
tion of material. At that time I at once 
rejected the latter method as entirely im- 
practicable, and turned to examine the pos- 
sibilities of the former. 

It is difficult to believe, but it is, never- 
theless, a fact, that since time immemorial 
man has had at his disposal a fairly good ma- 
chine which has enabled him to utilize the en- 
ergy of the ambient medium. This machine 
is the windmill. Contrary to popular belief, 
the power obtainable from wind is very con- 
siderable. Many a deluded inventor has spent 
years of his life in endeavoring to 41 harness 
the tides,” and some have even proposed to 
compress air by tide- or wave-power for sup- 
plying energy, never understanding the 
signs of the old windmill on the hill, as it 
sorrowfully waved its arms about and bade 
them stop. The fact is that a wave- or 
tide-motor would have, as a rule, but a small 
chance of competing commercially with the 
windmill, which is by far the better ma- 
chine, allowing a much greater amount 
of energy to be obtained in a simpler way. 
Wind-power has been, in old times, of in- 
estimable value to man, if for nothing else 
but for enabling him to cross the seas, and 
it is even now a very important factor in 
travel and transportation. But there are 
great limitations in this ideally simple 
method of utilizing the sun’s energy. The 
machines are large for a given output, and 
the power is intermittent, thus necessitating 
the storage of energy and increasing the 
cost of the plant. 

A far better w*ay, however, to obtain 
power would be to avail ourselves of the 
sun’s rays, which beat the earth incessantly 
and supply energy at a maximum rate of over 
four million horse-power per square mile. 
Although the average energy received per 
square mile in any locality during the year 
is only a small fraction of that amount, yet 


an inexhaustible source of pow T er would be 
opened up bv the discovery of some efficient 
method of utilizing the energy of the rays. 
The only rational way known to me at the 
time when I began the study of this subject 
was to employ some kind of heat- or ther- 
modynamic engine, driven by a volatile fluid 
evaporated in a boiler by the heat of the 
rays. Butcloserinvestigation of this method, 
and calculation, showed that, notwithstand- 
ing the apparently vast amount of energy 
received from the sun’s rays, only a small 
fraction of that energy could be actually 
utilized in this manner. Furthermore, the 
energy supplied through the sun’s radiations 
is periodical, and the same limitations as 
in the use of the windmill I found to exist 
here also. After a long study of this mode 
of obtaining motive power from the sun, 
taking into account the necessarily large 
bulk of the boiler, the low efficiency of the 
heat-engine, the additional cost of storing 
the energy, and other drawbacks, I came to 
the conclusion that the “ solar engine,” a few 
instances excepted, could not be industrially 
exploited with success. 

A DEPARTURE FROM KNOWN METHODS— POS- 
SIBILITY OF A “ SELF-ACTING ” ENGINE OR 
MACHINE, INANIMATE, YET CAPABLE, LIKE 
A LIVING BEING, OF DERIVING ENERGY 
FROM THE MEDIUM— THE IDEAL WAY OF 
OBTAINING MOTIVE POWER. 

When I began the investigation of the sub- 
ject under consideration, and when the pre- 
ceding or similar ideas presented themselves 
to me for the first time, though I was then 
unacquainted with a number of the facts 
mentioned, a survey of the various ways of 
utilizing the energy of the medium convinced 
me, nevertheless, that to arrive at a thor- 
oughly satisfactory practical solution a rad- 
ical departure from the methods then known 
had to be made. The windmill, the solar en- 
gine, the engine driven by terrestrial heat, 
had their limitations in the amount of power 
obtainable. Some new way had to be discov- 
ered which would enable us to get more 
energy. There was enough heat-energy in 
the medium, but only a small part of it was 
available for the operation of an engine in 
the ways then known. Besides, the energy 
was obtainable only at a very slow rate. 
Clearly, then, the problem was to discover 
some new method which would make it possi- 
ble both to utilize more of the heat-energy 
of the medium and alBO to draw it away 
from the same at a more rapid rate. 

I was vainly endeavoring to form an idea 
of how this might be accomplished, when I 



read some statements from Carnot and Lord 
Kelvin (then Sir William Thomson) which 
meant virtually that it is impossible for an 
inanimate mechanism or self-acting machine 
to cool a portion of the medium below the 
temperature of the surrounding, and operate 
by the heat abstracted. These statements 
interested me intensely. Evidently a living 
being could do this very thing, and since the 
experiences of my early life which I have 
related had convinced me that a living 
being is only an automaton, or, otherwise 
stated, a “ self-acting engine,” I came to 
the conclusion that it was possible to con- 
struct a machine which would do the same. 
As the first step toward this realization I con- 
ceived the following mechanism. Imagine 
a thermopile consisting of a number of bars 
of metal extending from the earth to the 
outer apace beyond the atmosphere. The 
heat from below, conducted upward along 
these metal bars, would cool the earth or 
the sea or the air, according to the location 
of the lower parts of the bars, and the result, 
as is well known, would be an electric current 
circulating in these bars. The two terminals 
of the thermopile could now be joined through 
an electric motor, and, theoretically, this 
motor would run on and on, until the media 
below would be cooled down to the tempera- 
ture of the outer space. This would be an 
inanimate engine which, to all evidence, 
would be cooling a portion of the medium 
below the temperature of the surrounding, 
*pd operating by the heat abstracted. 

But was it not possible to realize a similar 
condition without necessarily going to a 
height? Conceive, for the sake of illustra- 



DIAGRAM 6. OBTAINING ENERGY FROM THE 
AMBIENT MEDIUM. 

A, medium with little energy ; B, B, ambient medium 
with much energy ; O, path of the energy. 

tion, an inclosure T, as illustrated in dia- 
gram 6, such that energy could not be 
transferred across it except through a chan- 
nel or path 0, and that, by some means or 
other, in this inclosure a medium were main- 
tained which would have little energy, and 
that on the outer side of the same there 
would be the ordinary ambient medium with 
much energy. Under these assumptions the 
energy would flow through the path 0, as in- 
dicated by the arrow, and might then be con- 
verted on its passage into some other form 
of energy. The question was, Could such a 
condition be attained? Could we produce 
artificially such a “sink” for the energy of 


the ambient medium to flow in? Suppose 
that an extremely low temperature could be 
maintained by some process in a given space ; 
the surrounding medium would then be com- 
pelled to give off heat, which could be con- 
verted into mechanical or other form of en- 
ergy, and utilized. By realizing such a plan, 
we should be enabled to get at any point of 
the globe a continuous supply of energy, 
day and night. More than this, reasoning 
in the abstract, it would seem possible to 
cause a quick circulation of the medium, 
and thus draw the energy at a very rapid 
rate. 

Here, then, was an idea which, if realizable, 
afforded a happy solution of the problem of 
getting energy from the medium. But was 
it realizable? I convinced myself that it was 
so in a number of ways, of which one is the 
following. As regards heat, we are at a high 
level, which may be represented by the sur- 
face of a mountain lake considerably above 
the sea, the level of which may mark the 
absolute zero of temperature existing in the 
interstellar space. Heat, like water, flows 
from high to low level, and, consequently, 
just as we can let the water of the lake run 
down to the sea, so we are able to let heat 
from the earth’s surface travel up into the 
cold region above. Heat, like water, can 
perform work in flowing down, and if we had 
any doubt as to whether we could derive 
energy from the medium by means of a ther- 
mopile, as before described, it would be dis- 
pelled by this analogue. But can we produce 
cold in a given portion of the space and 
cause the heat to flow in continually? To 
create such a “sink,” or “cold hole,” as we 
might say, in the medium, would be equiva- 
lent to producing in the lake a space either 
empty or filled with something much lighter 
than water. This we could do by placing in 
the lake a tank, and pumping all the water 
out of the latter. We know, then, that the 
water, if allowed to flow back into the tank, 
would, theoretically, be able to perform ex- 
actly the same amount of work which was 
used in pumping it out, but not a bit more. 
Consequently nothing could be gained in this 
double operation of first raising the water 
and then letting it fall down. This would 
mean that it is impossible to create such a 
sink in the medium. But let us reflect a 
moment. Heat, though following certain 
general laws of mechanics, like a fluid, is 
not such; it is energy which may be con- 
verted into other forms of energy as it 
passes from a high to a low level. To make 
our mechanical analogy complete and true, 
we must, therefore, assume that the water, 
in its passage into the tank, is converted into 
something else, which may be taken out of it 
without using any, or by using very little, 
power. For example, if heat be represented 
in this analogue by the water of the lake, 
the oxygen and hydrogen composing the 
water may illustrate other forms of energy 
into which the heat is transformed in pass- 
ing from hot to cold. If the process of heat- 
transformation were absolutely perfect, no 




heat at all would arrive at the low level, 
since all of it would be converted into other 
forms of energy. Corresponding to this 
ideal case, all the water flowing into the tank 
would be decomposed into oxygen and hy- 
drogen before reaching the bottom, and the 
result would be that w^ater would continually 
flow in, and yet the tank would remain en- 
tirely empty, the gases formed escaping. 
We would thus produce, by expending ini- 
tially a certain amount of work to create a 
sink for the heat or, respectively, the water 
to flow in, a condition enabling us to get any 
amount of energy without further effort. 
This would be an ideal way of obtaining mo- 
tive power. We do not know of any such 
absolutely perfect process of heat-conver- 
sion, and consequently some heat will gen- 
erally reach the low level, which means to 
say, in our mechanical analogue, that some 
water will arrive at the bottom of the tank, 
and a gradual and slow filling of the latter 
will take place, necessitating continuous 
pumping out. But evidently there will be 
less to pump out than flows in, or, in other 
words, less energy will be needed to main- 
tain the initial condition than is developed 
by the fall, and this is to say that some 
energy will be gained from the medium. 
What is not converted in flowing down can 
just be raised up with its own energy, and 
what is converted is clear gain. Thus the 
virtue of the principle I have discovered re- 
sides wholly in the conversion of the energy 
on the downward flow-. 

FIRST EFFORTS TO PRODUCE THE SELF-ACT- 
ING ENGINE— THE MECHANICAL OSCILLA- 
TOR— WORK OF DEWAR AND LINDE- 
LIQUID AIK. 

Having recognized this truth, I began to 
devise means for carrying out my idea, 
and, after long thought, I finally conceived 
a combination of apparatus which should 
make possible the obtaining of power from 
the medium by a process of continuous cool- 
ing of atmospheric air. This apparatus, by 
continually transforming heat into mechan- 
ical w ork, tended to become colder and colder, 
and if it only were practicable to reach a very 
low temperature in this manner, then a sink 
for the heat could be produced, and energy 
could be derived from the medium. This 
Beemed to be contrary to the statements 
of Carnot and Lord Kelvin before re- 
ferred to, but I concluded from the theory 
of the process that such a result could be at- 
tained. This conclusion I reached, I think, in 
the latter part of 1883, when I was in Paris, 
and it was at a time when my mind was being 
more and more dominated by an invention 
which I had evolved during the preceding 
year, and which has since become known 
under the name of the "rotating magnetic 
field.” During the few years which followed 
I elaborated further the plan I had ima- 
gined, and studied the working conditions, 


but made little headway. The commercial 
introduction in this country of the invention 
before referred to required most of my en- 
ergies until 1889, when I again took up the 
idea of the self-acting machine. A closer in- 
vestigation of the principles involved, and 
calculation, now showed that the result I 
aimed at could not be reached in a practi- 
cal manner by ordinary machinery, as I had 
in the beginning expected. This led me, as 
a next step, to the study of a type of engine 
generally designated as "turbine,” which at 
first seemed to offer better chances for a 
realization of the idea. Soon I found, how- 
ever, that the turbine, too, was unsuitable. 
But my conclusions showed that if an engine 
of a peculiar kind could be brought to a 
high degree of perfection, the plan I had con- 
ceived was realizable, and I resolved to pro- 
ceed with the development of such an engine, 
the primary object of which was to secure 
the greatest economy of transformation 
of heat into mechanical energy. A charac- 
teristic feature of the engine was that the 
work-performing piston was not connected 
with anything else, but was perfectly free to 
vibrate at an enormous rate. The mechan- 
ical difficulties encountered in the construc- 
tion of this engine were greater than I had 
anticipated, and I made slow progress. This 
work was continued until early in 1892, when 
1 went to London, where I saw Professor 
De war’s admirable experiments with liquefied 
gases. Others had liquefied gases before, and 
notable Ozlewski and Pictet had performed 
creditable early experiments in this line, but 
there was Buch a vigor about the work of 
Dewar that even the old appeared new. His 
experiments showed, though in a way differ- 
ent from that I had imagined, that it was 
possible to reach a very low temperature by 
transforming heat into mechanical work, and 
I returned, deeply impressed with what 1 had 
seen, and more than ever convinced that my 
plan was practicable. The work temporarily 
interrupted was taken up anew, and soon I 
had in a fair state of perfection the engine 
which I have named "the mechanical oscil- 
lator.” In this machine I succeeded in doing 
away with all packings, valves, and lubri- 
cation, and in producing so rapid a vibration 
of the piston that Bhafts of tough steel, fas- 
tened to the same and vibrated longitudinally, 
were tom asunder. By combining this en- 
gine with a dynamo of special design I pro- 
duced a highly efficient electrical generator, 
invaluable in measurements and determina- 
tions of physical quantities on account of 
the unvarying rate of oscillation obtainable 
by its means. I exhibited several types of 
this machine, named "mechanical and elec- 
trical oscillator,” before the Electrical Con- 
gress at the World's Fair In Chicago during 
the summer of 1893, in a lecture which, on 
account of other pressing work, 1 was un- 
able to prepare for publication. On that 
occasion I exposed the principles of the 
mechanical oscillator, but the original pur- 
pose of thig machine is explained hen?, for. 
the first time. 



In the process, as I had primarily con- 
ceived it, for the utilization of the energy 
of the ambient medium, there were five 
essential elements in combination, and each 
of these had to be newly designed and per- 
fected, as no such machines existed. The 
mechanical oscillator was the first ele- 
ment of this combination, and having per- 
fected this, I turned to the next, which was 
an air-compressor of a design in certain re- 
spects resembling that of the mechanical 
oscillator. Similar difficulties in the con- 
struction were again encountered, but the 
work was pushed vigorously, and at the 
close of 1894 1 had completed these two 
elements of the combination, and thus pro- 
duced an apparatus for compressing air, 
virtually to any desired pressure, incom- 
parably simpler, smaller, and more efficient 
than the ordinary. I was just beginning 
work on the third element, which together 
with the first two would give a refrigerating 
machine of exceptional efficiency and sim- 
plicity, when a misfortune befell me in the 
burning of my laboratory, which crippled my 
labors and delayed me. Shortly afterward 
Dr. Carl Linde announced the liquefaction 
of air by a self-cooling process, demonstrat- 
ing that it was practicable to proceed with 
the cooling until liquefaction of the air took 
place. This was the only experimental proof 
which I was still wanting that energy was 
obtainable from the medium in the manner 
contemplated by me. 

The liquefaction of air by a self-coolingpro- 
cess was not, as popularly believed, an acci- 
dental discovery, but a scientific result which 
could not have been delayed much longer, 
and which, in all probability, could not have 
escaped Dewar. This fascinating advance, I 
believe, is largely due to the powerful work 
of this great Scotchman. Nevertheless, 
Linde’s is an immortal achievement. The 
manufacture of liquid air has been carried 
on for four years in Germany, on a scale 
much larger than in any other country, and 
this strange product has been applied for a 
variety of purposes. Much was expected of 
it in the beginning, but so far it has been 
an industrial ignis fatuus. By the use of 
such machinery as I am perfecting, its cost 
will probably be greatly lessened, but even 
then its commercial success will be ques- 
tionable. When used as a refrigerant it is 
uneconomical, as its temperature is un- 
necessarily low. It is as expensive to 
maintain a body at a very low temperature 
as it is to keep it very hot; it takes coal to 
keep air cold. In oxygen manufacture it 
cannot yet compete with the electrolytic 
method. For use as an explosive it is un- 
suitable, because its low temperature again 
condemns it to a small efficiency, and for 
motive-power purposes its cost is still by far 
too high. It is of interest to note, how- 
ever, that in driving an engine by liquid air 
a certain amount of energy may be gained 
from the engine, or, stated otherwise, from 
the ambient medium which keeps the engine 
warm, each two hundred pounds of iron- 


casting of the latter contributing energy at 
the rate of about one effective horse-power 
during one hour. But this gain of the con- 
sumer is offset by an equal loss of the 
producer. 

Much of this task on which I have labored 
so long remains to be done. A number of 
mechanical details are still to be perfected 
and some difficulties of a different nature to 
be mastered, and I cannot hope to produce 
a self-acting machine deriving energy from 
the ambient medium for a long time yet, 
even if all my expectations should material- 
ize. Many circumstances have occurred 
which have retarded my work of late, but 
for several reasons the delay was beneficial. 

One of these reasons was that I had ample 
time to consider what the ultimate possibili- 
ties of this development might be. I worked 
for a long time fully convinced that the 
practical realization of this method of ob- 
taining energy from the sun would be of in- 
calculable industrial value, but the contin- 
ued study of the subject revealed the fact 
that while it will be commercially profitable 
if my expectations are well founded, it will 
not be so to an extraordinary degree. 

It is probable that we shall soon have a 
self-acting heat-engine capable of deriving 
moderate amounts of energy from the am- 
bient medium. There is also a possibility — 
though a small one— that we may obtain 
electrical energy direct from the sun. This 
might be the case if the Maxwellian theory 
is true, according to which electrical vibra- 
tions of all rates should emanate from the 
sun. I am still investigating this subject. 
Sir William Crookes has shown in his beau- 
tiful invention known as the “radiometer” 
that rays may produce by impact a mechani- 
cal effect, and this may lead to some impor- 
tant revelation as to the utilization of the 



Margaret Cheney 


1931 

Prentice-Hall 

In the second year he became obsessed with the idea of 
producing continuous motion through steady air pressure, and with 
the possibilities of a vacuum. He grew frantic with his desire to harness 
these forces but for a long time groped in the dark. Finally he recalled, 
“my endeavors crystallized In an invention which was to enable me to 
achieve what no other mortal ever attempted” It was all part of his 
consuming dream of being able to fly. 
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A “NEW” 
ENERGY 
SOURCE? 

Can this energy form, using the Maximum Ambient 

Cycle be a source for energy on our horizon? 

by 773 . 7 31-ec^o 7 

Thomas^Cosby Chirac TL 6eit 


Thp Maximum ftmhient Cycle is 
an internationally patented engine 
cycle. It has two American , and 
Australian, Israeli, Mexican patents, 
and patents pending in ten other 
countries. It is described as a work 
producing cycle using the ambient 
air as primary energy source and 
creating an internal lower than am- 
bient temperature heat exchanger 
from a work producing adiabatic 
process. 

Unknown by most, and unac- 
knowledged by science, is the fact 
that we live on the bottom of a sea 
of unlimited energy ! If there was no 
energy in the gas that we call the 
atmosphere, we could not exist be- 
cause it would be a solid mass of 
frozen matter. We are very much 
like the “Ancient Mariner” when he 
decried: “Water! Water every where 
and not a drop to drink.” 

We can’t use the energy because 
we need a temperature differential 
for work to be created from heat 
energy, so because this low level 
energy has no place to go, it can’t 
be used. 

Work is generated from the stan- 
dard heat engine cycle(s) by using 


fuel to create a high temperature and 
a differential between the lower 
temperature atmosphere. 

In the air-conditioning cycle, 
work is applied to compress a gas 
which raises its temperature. The 
heat in dissipated to the lower tem- 
perature atmosphere. Now a miracle 
occurs: gas expansion results in a 
cooler than atmospheric tempera- 
ture gas. The gas can now absorb 
heat from something and cool it. 

Both of these phenomena are 
described by the Carnot Cycle. 



Several observations and com- 
ments must be made about the cycle 
and the type of engine described. It 
is now accepted without discussion 
that there is only one type of 
engine~the heat engine. It has been 
accepted for so long that most sci- 
entists don’t realize this truth that 
forms the basis of the first and sec- 
ond laws of thermodynamics. Few, 
if any, know the definition of a heat 
engine and the limited application 
and the conditions of the various 
sloganized statements of the second 
law of thermodynamics. Because 
there is only one type of engine it is 
axiomatic that it applies to all en- 
gines! 

When Carnot made the analysis, 
there was one and only one model 
available - the steam piston engine! 

The MAXIMUM AMBIENT 
CYCLE did not just happen, it 
evolved. It is the result of one man’s 
persistent search for the truth in en- 
ergy to work transformation and the 
way to input the least amount of 
energy into an engine or cycle by 
internal energy exchanges, or in 
popular terms-recycling. It is the 
result of 40 years effort by a sole 
inventor. 

The MAXIMUM AMBIENT 
CYCLE is a work producing gas 
cycle and engine. It has for compo- 
nents high and low pressure receiv- 
ers, a turbine to produce work by 
expansion of high pressure gas, a 
compressor to re-pressurize that gas, 
a heat exchanger to absorb heat of 
compression by using low tempera- 
ture turbine exhaust, thereby reduc- 
ing compressor work and simulta- 
neously reheating the turbine ex- 
haust. The internal energy exchangcT \ 
makes it possible to obtain a net J 
work output and to reduce input heir 
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requirements. 

Any heat input to the low tem- 
perature exhaust may be absorbed 
from the compression process or the 
atmosphere(see air-conditioning 
Carnot cycle). The major part of thq 
compression - volume reduction'.; 


to raise the temperature of the gas 
coming into the compressor because 
of the greater temperature differen- 
tial this causes. This expedites heat 
transfer between the compression 
process and the turbine exhaust. 

A more scientific description of 


L ! 

may be accomplished by introduc- ; the K-P statement was provided in 


/ 


ing the gas into a cooler compres- 
sor. Final pressurization is done by 
using a portion of the turbine out 
put. Initially the 
system is at near 
vacuum except for 
the high pressure 
reservoir. The fluid 
is R-22. 

Objections to 
the cycle have been 
universally based 
upon the Kelvin- 
Planck (K-P) state- 
ment of the 2nd 
law: “It is impos- 
sible to produce 
work while inter- 
acting with only 
one reservation. 

What this means, 
relative to this 
cycle is that both 
the high and low 
pressure r eservoirs are at the same 
atmospheric temperature therefore 
-only one reservoir (temperature). 
While it is true that this is the case, 
the heat exchange mechanism is in 
the exchanger. 

Implicit in the K-P statement is 
that there must be a temperature dif- 
ferential for heat to flow, we agree. 
In the heat exchanger low tempera- 
ture turbine exhaust is in contact 
with the higher temperature com- 
pressor and fluid from the low pres- 
sure reservoir. 

In this cycle it is advantageous 


1913 by Lewis, J ., American Chemi- 
cal Society. “ . . .The maximum 
work that can be obtained from a 


MAXIMUM AMBIENT 



A WORK PRODUCING CYCLE USING THE AMBIENT AIR 
AS PRIMARY ENERGY SOURCE AND CREATING AN IN- 
TERNAL LOWER THAN AMBIENT TEMPERATURE 
HEAT EXHANGER FROM THE TURBINE EXHAUST 


hires. 

It is also missed that for isother- 
mal processes, ala the Carnot cycle 
to occur, a continuous flow of heat 
is required-- in and out of the sys- 
tem. The other objection resulting 
from the R-P statement is that there 
is no rejection of heat to a low tem- 
perature sink. HEREIN lies the rub. 
Sink as commonly understood 
means an external sink . 

Reviewing 
the Carnot en- 
gine which 
analyses the 
path of a pis- 
ton, it can be 
readily under- 
stood that once 
the piston has 
reached the 
end of its 
stroke, it must 
be restored to 
the starting po- 
sition. This is 
accomplished 
first by heat re- 
jection to a 
sink by a con- 
tinuous re- 


17 


system on passing reversibly from 
state 1 to state 2 at the same tem- 
perature is of great importance, for 
it is independent of the particular 
process employed. If this were not 
true, then by proceeding from 1 to 
2 by one isothermal p rocess and re- 
turning from 2 to 1 by another iso; 
thermal p rocess requiring less work, 
a certain amount of net work could 
be gained. “What is most often over- 
looked in the Carnot Heat engine 
cycle is that the work is the differ- 
ence between the two isothermal 
processes - at different tempera- 


moval of heat. 
For this to be fully understood it must 
be remembered that work was ac- 
complished by a continuous supply 
of heat. T hat part of the heat that re- 
mains after work production, be- 
cause it cannot all be converted to 
work, must be discarded. 

If, on the other hand we have 
compressed gas, work can be per- 
formed by allowing it to expand 
adiabatically, that is without any in- 
put heat. The result will be work and 
a low temperature exhaust gas. If the 
starting point was atmospheric tem- 
perature, it is obvious that it will be 
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below this temperature making it 
possible to absorb heat from the at- I 
mosphere or some other higher tern- ' 
perature body. There is no trick in 
releasing the genie and obtaining 
work, the trick is to get it back into 
the bottle without giving the work 
back. 

This is where isothermal com- 
pression comes into play. Theoretic 
cally, the work of compression is } 
equal to the heat of compression (re-/ 
ally!) In the Carnot process, the gas 
is slightly compressed so that the 
temperature rises slightly and heat 
is absorbed by the sink- after work 
is put into the process . So, work 
must be put into the process to 
“Squeeze” the heat out. 

In this cycle, gas to be com- 
pressed is introduced into a colder 
compressor where it contracts or 
shrinks spontaneously because it is 
chilled because of the temperature 
difference. Compression work is 
“free.” but also the heat for the tur- 
bine exhaust reheat. A spontane- 
ous exchange occurs without work 
input. 

Our initial goal was isothermal 
compression, but serendipity gave 
us a bonus! By introducing the gas 
into a cooler environment, applica- 
tion of work is unnecessary! 
(Well-almost). ' 

Summation. This cycle and re- 
sulting engine technology repre- 
sents a major departure in the way 
that energy use and conversion is 
conceived. The first law teaches that 
energy is neither created nor de- 
stroyed, but merely transformed 
from one form to another. The se<>7 
ond teaches that a Heat Engine can 
only use a fraction of the heat that 
crosses it boundary. This cycle 
teaches that no heat need “cross” the^ i 


^boundary of an engine and that work 
is a function of the energy interac- 
tions within the engine. 

What does it mean? First, it 
means that for 150 years we have 
used a yardstick that has limited use. 
Second, by reading the text books, 
analytical thinking has been dis- 
couraged. In 1896 an author stated 
that it was as good as it was ever 
going to get. Enrico Fermi and 
Albert Einstein both stated their 
belief that the second law was in- 
violate. We agree but not in the same 
sense. Their belief was final, mine 
states and demands an alternate 
mode be sought. 

For eons mankind has put a kettle 
over a fire, for food preparation, for 
work production, ala the steam en- 
gine, for warmth. The Internal Com- 
bustion engines are but a modifica- 
tion of the basic pot on the fire. 
Surely, as mankind reaches for the 
stars, splits the atom, employs elec- 
trons, sound and light waves, surely 
science can present a better option 
than the pot over the fire. 

Philosophically what? Mankind 
has also been hampered by his dis- 
belief in something for nothing, this 
despite the fact that millions, if not 
billions request favors from a su- 
preme being without giving a sec- 
ond thought. Nature does not care 
about the economic or selfish de- 
sires of mankind and performs 
whether man believes or accepts her 
laws or not. 

Where to from here? Use of this 
cycle and the new vistas presented, 
offers hope that mankind in his 
search for energy to provide the 
luxurious life that is Universally 
desired, will not pollute and poison 
mother earth. The cavalry has ar- 
rived in time! TC 
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— ATMOSPHERIC ENERGY — 
Harnessing the 'Powers' of the 
Atmosphere 

by Anthony M. Hansen 

S ince early times mankind has had a 
constant and reliable source of power 
in the form of the wind. Man was 
quick to find ingenious but simple applica- 
tions for this force of nature. Obvious 
examples are the sail and the windmill. 
What is not so obvious are the underlying 
principles, as defined in physics books; to 
be more specific, the principles of thermo- 
dynamics. 

Thermodynamics is connected with heat; 
that is to say, measurement of heat, and 
laws relating to the conversion of heat into 
mechanical work. Nature gives a wonder- 
ful example in the movement of the wind. 
The atmosphere basically moves because 
over the land, for example, the temperature 
can be higher than over the ocean, with the 
result that the hot air rises over the land and 
the cooler air flows in to take its place. 

In thermodynamics, the terms Ti and T 2 
are frequently quoted. Ti usually refers to 
a specific temperature and T 2 refers to a 
temperature which is less than Ti. 
Otherwise expressed, the bigger the tem- 
perature difference, the more energy there 
is available. Applying this to the move- 
ment of the wind, if the atmospheric tem- 
perature of the Earth were the same every- 
where, presumably there would be no 
winds. 

One of the earliest attempts to harness 
the power of the atmosphere, apart from 
using the windmill and the sail, was 
attempted successfully by Newcomen, a 
Dartmouth blacksmith, and patented in 
1705. The device consisted of a vertical 
cylinder and a piston which was connected 
to a horizontal beam. The other end of the 
beam was connected to the piston of a 
pump. The weight of this side of the beam 
was sufficient to draw the piston to the top 
of the cylinder. Steam was admitted from a 
boiler through a valve to the cylinder. 
When the supply of steam was turned off 
and some water injected into the cylinder, 
the result was that the steam condensed, 
forming a partial vacuum inside the cylin- 


der. The pressure of the atmosphere acting 
on the top half of the piston forced it down. 
By continually repeating this process, a 
powerful machine was put to work pump- 
ing water. 

In 1827, Robert Stirling took out his 
patent for a hot air engine which used the 
heat of the air. From the very start, the hot 
air engine offered an irresistible fascination 
for the inventor because even the crudest 
attempts with it always resulted in an effi- 
ciency far superior to that of the steam 
engine. This is readily explained as being 
due to the far greater temperature range 
possible working with air than is possible 
with steam. This is because the efficiency 
of an engine depends upon the limits of 
temperature to which the working fluid is 
subjected. It is practical to use a higher 
working temperature with air than with 
steam because there is no fixed relation 
between the pressure and temperature of 
air, such as exists in the case of steam. 

PUTTING COMPRESSED AIR 
TO WORK 

Having reviewed at some length the vari- 
ous forms of machinery available, I decid- 
ed as a starting point that the windmill took 
a lot of beating as far as reliability and 
power were concerned. For example, it is 
quite easy to obtain six to 10 horsepower 
from the wind. 

It is obvious that power, or the rate at 
which work is done, has nothing to do with 
the quantity of work accomplished. A very 


slow rate may accomplish a great deal of 
work, if it only keeps at it long enough, 
while a very high rate may be represented 
by a very small quantity of work, provided 
it be expended in a sufficiently short space 
of time. Thus, a windmill of only a few 
horsepower, compressing air by working 
steadily day and night for weeks and 
months, may compress millions of cubic 
feet of air and thereby perform a vast 
amount of work. 

The air which is compressed by the 
windmill is stored in suitably large pressure 
vessels or compressed air tanks. To give 
an idea of size, an LP gas tank similar to 
the ones used in service stations is ideal. 
These can be pumped up to a pressure of 
200 to 300 psi. This represents a consider- 
able amount of energy stored in a pressure 
vessel in the form of compressed air. 

A convenient way to use this compressed 
air is to use the pressure of the air to move 
a piston in a cylinder, preferably in alter- 
nate directions. This reciprocating force 
moves a conductor through a magnetic 
field, thus generating electricity. If, for 
example, a piston had five square inches of 
surface area and a pressure of 100 psi were 
applied to it, we would obviously have a 
piston in a cylinder with 500 pounds of 
push. In such a case, the load from the 
conductor going through the magnetic field 
ideally should be about 400 pounds resis- 
tance. 

When the conditions are similar to this, 
the air has no choice but to give up the heat 
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it contains and thus turn heat into mechani- 
cal work. This results in the air becoming 
very cold. The degree of coldness is 
directly proportional to the applied force 
and the resistance it encounters. In other 
words, the heavier the load, the colder the 
temperature. 

THIRD LAW OF THERMODYNAMICS 

The third law' of thermodynamics states 
that there are four essential conditions nec- 
essary for a heat engine to work. This 
applies to internal combustion engines such 
as LP gas, petrol, diesel, steam or com- 
pressed air. These conditions are: 

1) There must be a source of 
heat. As an example, with inter- 
nal combustion engines the 
source of heat is the burning of 
fuels such as LP gas or petrol. 

This heat is applied to the com- 
pressed air in the cylinder at the 
moment of ignition. The heat of 
combustion causes the com- 
pressed air molecules — already 
at a pressure, which may be 
from 150 to 300 psi — to vibrate 
more intensely, thus increasing 
the pressure which is applied to 
the piston face. The heat energy 
can now be turned into mechani- 
cal u'ork. 

2) There must be a tempera- 
ture difference in the process. 

As an example, the temperature 
of combustion may be 700° to 
900° Fahrenheit (371° to 482° 

Celsius) while the temperature 
of the atmosphere may be 70 C F (21 °C). 
This is represented in thermodynamic 
terms as Ti and T 2 — here, Ti being 700° to 
900 C F and T: being 70°F. It can thus be 
seen that, with such a large temperature 
difference, a considerable amount of power 
can be developed. 

3) There must be a carrier of the heat 
energy. This basically means that the air is 
a medium which carries the heat, just like a 
bucket can carry water. 

4) There must be a method or means 
of turning heat into mechanical work. In 
this case it is the familiar piston in the 
cylinder, examples of which have been 
given in the previous essential conditions. 

THE THIRD LAW APPLIED TO 
COMPRESSED AIR ENGINES 

Applying the above conditions of the 
third law to compressed air engines, if a 
piston is driven by compressed air at 200 


psi through a quarter of its stroke and then 
the air supply is cut off, and if the piston 
has to do work, it is quite easy to attain 
temperatures in the exhaust of minus 50°F. 

This relates to T 2 in the temperature dif- 
ference scale, Ti being the temperature of 
the atmosphere — let's say, 70°F. It can 
now be seen that a considerable tempera- 
ture difference exists— 120°F in this case. 
This conforms with the second essential 
condition of the third law. 

Having established the temperature dif- 
ference, it is now necessary to feed in the 
heat from the atmosphere. As the atmos- 
pheric air contains the heat (condition 3), if 


the engine has heat exchanger fins, and if 
they be of suitable size, heat from the 
atmosphere will flow into the engine and, 
by doing so, should be turned into mechan- 
ical work, thus adding to the efficiency of 
the machine. 

IMPROVING ENGINE EFFICIENCY 

Otto was the first to develop the four- 
stroke cycle and was also one of the first to 
propose using a so-called free piston 
engine running on fuel. 

Some years later, in 1869, George 
Westinghouse patented a steam-driven free 
piston compressor. 

This principle was improved upon by 
Nikola Tesla in 1894. His design used 
machined grooves in the piston to let in the 
steam or air to drive the piston. The main 
problem with this design is that under a 
heavy load the stroke will shorten, with the 


result that the air supply is cut off. 

Having studied the various types of reci- 
procating engines, I decided that apart from 
trying to follow the third law, certain other 
essential features were necessary: 

1) Floating valves that can slide on the 
reciprocating shaft, towards and away from 
each other. This makes it possible to vary 
the length of the stroke, thereby compen- 
sating for heavy loads. 

2) A variable inertia system, enabling 
mass to be added or removed from a mov- 
ing system. This is used to change the 
period of the reciprocating engine. 

3) Heat exchanger fins. By adding fins 
to this type of engine, heat can 
be caused to flow into the 
engine, thus adding to its effi- 
ciency. 

By applying the above-men- 
tioned features, a simple and 
efficient power conversion sys- 
tem is possible. 

CONCLUDING REMARKS 

Much has been written on the 
subject of heat engines and their 
operating principles — so much, 
in fact, that to the casual reader 
it would appear that there is lit- 
tle, if any, part of the subject left 
untouched. 

Yet the present-day literature 
may generally be divided into 
two classes: the non-technical 
and the technical. The technical 
literature is often so severely 
technical and theoretical as to 
obscure the underlying practical aspects. 
The student who is not at home with math- 
ematical gymnastics may well be excused 
for being worried at an imposing array of 
formulae which, however beautiful and 
concise in themselves, possess no interest 
and serve no useful purpose w'hen they fail 
to convey their significance. 

It is my hope that the given explanations 
make the underlying concepts of thermody- 
namics — on which all heat engines work — 
more understandable and interesting. 

For further information, contact: 
Anthony M. Hansen 
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To till i rhom if mill/ cowir n: 

He it known lluii I. Cji.mm ks Bowkx re- 
ading si f Pil in I In* county of Allegheny and 

Still t* of Pennsylvania. :i citizen of i S m« I'nitcd Stales. 

5 have invented or discovered a certain new ami useful 
Improvement in Inlerhoatcis for <'"ittpnimd I'nm- 
pressed-.\ir Kngines. of which improvement lire fol- 
lowing is a ^|M»«'ili«*ai ion. 

My invention concerns iiilerheniers for compound 
10 miiiprcsscd-tiir engines. ami tho object of mv improve- 
ments is an inlerhisiler designed ami adapted to take 
heat from tho atmosphere in such quantities a* to In? 
efficient in service. 

In tlie accompanying drawings which form part of 
15 tliis specification, Figure I shows diagram mat ica I Iv 
and in longitudinal elevation a coin)H>und compressed- 
air locomotive engine to which my improvement is 
applied. In this figure the valve-chest and cylinder 
at one side of the locomotive and the inter heat cr are 
20 shown partly in section. Fig. 2 is a transverse vertical 
sect ion nil the line II II. Fig. J. Fig. 2 is a vertical 
sectional view showing my interhealer in detail, and 
illustrating a modi Jim t ion of the form shown in Figs. I 
and 2. Fig. 4 is a view similar to Fig. 2, illustrating a 
25 further modification. Parts which are repeated in the 
several figures l>ear the same reference numerals in 
each case. 

In the drawings. I represents the main storage lank 
of a compressed-air locninot ive, arranged after t ho man- 
30 nor of and resemMing in shajio the Isuler of a steam 
locomotive: 2 is the auxiliary reservoir: 2 is the high- 
pressure cylinder: and -I the low-pressure cylinder: 

5 is the interheater. 

From the auxiliary rirsorvoir. 2, a pipe. 21. leads to 
35 the higli-pn*ssure valve-chest. 22. whence it passes oil 
the appropriate shifting of the valve. 22. to high-pres- 
sure cylinder. 2. and d rives the piston. 22. therein. 
F|h»ii the appropriate movement of valve 22. the air 
i ha\ jiu; done iis work in cylinder 2t passes from cylin- 
40 der lli rough ;i pij>e 21 |o interheater 5. From iuier- 
heaier 5 the air passes l h rough a pipe. 51. to val vech<*si, 
12. of low-pressure cylinder I. The appropriate nm\e- 
lueiit of i he valve in valve-chest 12 admits the air into 
the low-pri-ssure cylinder, when* It performs its work 
45 in driving l lie piston contained therein, and whence it 
escape* on the further shifting of the valve and passes 
into an exhaust pij#e. 41. through which it escapes in 
the at im isphere. I preferably carry the air through 
pi|H» II to interheater 5. where it performs the office 
50 which I shall presently doscrilK*. 

The interheater consists in general terms of a recep- 
tacle for the compressed air as it passes from the high- 
pri*ssure cylinder, and before it enters the low-pressure 
cylinder, such receptacle having a surface of relatively 
55 great extent, for the purpose of receiving and imparting 
to the compressed air contained within it, the heating , 


effect of the atmosphere. It will Ikj understood that 
this receptacle may lx* of any suitable or desired con- 
struction . and hi arranged in relation to tho engine 
dial a movement of atmospheric air along its surface CO 
will he caused by or during tin* nperal ion of the engine. 

I have found it preferable to make this receptacle cy- 
lindrical in form, and to furnish it with a plurality of 
longitudinally extending tubes through which atmos- 
pheric air is caused to pass. This is i I luslr.it ed in Figs. 05 
I and 2 of the drawings, wherein the receptacle itself 
is indicated al 52. and tho tubular Hues for the atmos- 
pheric air are imlintled at 52. This receptacle l»eiug 
hi dis|M»sed ami arranged that atmospheric air is caused 
to Dow over the surface, and thus to impart a substaii- 70 
I ial amount of heat to t he chilled air contained within 
it. various means may lx* employed for causing this 
llow of atmospheric air over the surface. The draw- 
ings show t lie invent ion applied to a locomot ive engine, 
and while any desired const ruction and arrangement 75 
of atmospheric heating receptacle may he employed, 
if is preferred to employ the exhaust from (lie low-pres- 
sure cylinder to produce the draft of air over the heat- 
ing surface of the receptacle. In Figs. I and 2 I have 
shown a Hared orifice. 51. into which the Hues 52 open. 80 
Into this I conduct, through pipe 4 1 , the exhaust from 
the low-pressure cylinder, and by causing thisexhuusl 
to he projected into the Hared orifice 54, I pnxhice the 
desired draft of atmospheric air through the Hues 52 
and over the heating surfaces of the receptacle 52. 85 

An alternative construction is shown in Fig. 3 t 
where, in place of a cylindrical receptacle provided 
with longitudinal Hues, the ; receptacle consists of u 
coil of pipe, 52*. arranged within a casing, 52\ and the 
draft is caused to !h/w through this casing. As before. 00 
I employ the flared orifice 5-1, which in this mse forms 
a continuation of the casing 52*. 

In Fig. 4 a further modification is illustrated: the 
receptacle consists of a lluid-eu wloped coil of pipe. 

52 b . contained within a casing. 52 b . and so arranged 05 
that a current of atmospheric air may he caused to 
pass through the casing and over the extended sur- 
fare of the coil. As in Fig. 2. the easing 52 b is eon- 
tinued in a Hared orifice. 54, into which the exhaust 
from the low-pressure cylinder is directed for the pur- 100 
jMise of causing a How of air. The object of tho fluid 
envelop is to equalize the heating effected. It will 
he understood that, as the engine starts and stoj>s and 
changes its speed, the amount of cold air flowing from 
the high-pressure cylinder to he regenerated in the. 105 
interheater will vary, am! accordingly the amount of 
neat absorbed in the interheater will vary in quan- 
tity. By providing a liquid envelop for the reccj>- 
tnde 1 am able to store the heat of the atmosphere in 
this liquid envelop, ami hold it that it may he avail- 110 
able when there is an increase in the flow of cold com- 
pressed air. In this case I not only take advantage 
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<t{ iht* <M|iinlixihK mrtttriiro of the liqttbl tmvnlop, Imt 
ul I In* sunn* lime 1 luku uilvnnfugo of llu* actual heat- 
ing power of ihe 1 ii j 1 1 i' 1 itself, it i m 1 l li in in u matter of 
cohxi'lurublo moment. While llu* rvltilivu volume* of 
5 the* li«j iti<l which fornix the envelop iiimI of the »ir 
which passes within tin* receptacle are very unequal, 
the nmnher of heat unit* in a *rivun volume of liquid 
is immensely greater t hull in an eqnul volunm of air. 

As a certain volume of water contains more heat 
3 0 ii it i I h than an equal volume of air ut the x nine tem- 
perature, by increasing ihe volume of the liquid en- 
velop, il will not only transmit the heat received from 
the atmosphere to the compressed air, hut will aluo 
impart smite of il* heal to the compressed air. ami in 
15 thirt way the heating action *.f the air is supplemented. 
If for examph* the liquid envelop eoiilaiiiH 500 1 1 of 
water at the beginning of a run and tin* engine moves 
up a grade using large voltinun of compressed air, the 
la tter in i t h How to the low pressure cylinder will nut 
20 only absorb hint units from the air hut also serve to 
take heat units from the envelop reducing the tem- 
perature of tlie envelop. When the engine moves 
down grade, there will he opport unity for at least a 
partial restoration to the envelop of normal tempera- 
25 tun*. In other words this envelop which will not 
have a temperature above normal atmospheric tem- 
perature. ads as a Hy wheel to maintain approxi- 
mately uniform conditions. This liquid envelop may 
Ik* constructed in any desired manner; as it is illus- 
50 trated in Kig. I. it surrounds a coil of pipe in a familiar 
form of water-jacket. 

The Hared orifice 5-4 of the interheater is shown in 
the several figures of the drawing as directed in sev- 
eral different directions. The direction in which it 
55 is jH»int<*d is immaterial to my invention, although 
practical conditions will determine the direction in 
s|HM*ilic teases. 

In di*scribing the construction of my improved ap- 
paratus, I have made plain its operation. When the 
40 air pusses from the high-pressure cylinder of a cmn- 
jHMiiid engine, il is greatly reduced in temperature, 
and since the volume of a ImhIv of gas and the pres- 
sure which it exerts are dependent u|kmi its tempera- 
ture. this very low temperature which the air Mowing 
15 from the high-pressure cylinder |n » ssesses. reduces its 
expansive power, and makes it accordingly less elli- 
t iriit for further work. The interheater serves the 
pur|K*se of regenerating this air in this sense, that it 
restores heat to il; and, in so doing, increases its ox- 
50 paiisive jniwer and makes it more ellicient for work in 
the low-pressure cylinder. In my apparatus the cold 
compressed air as il ]>asses from the high-pressure cyl- 


I inder is. in the interheater, subjected to n heating in- 
| fluence, which cause* a riso in the teiiqmratunj, and 
| increases its elHciency; and, since the source of the 
increase in temperature is the lieal of the atmosphere 
itself, my device besides being simple is economic, 
am) demands little or no attention. 

In the drawings I have shown niv invention applied 
to a locomotive engine, because that is the applica- 
tion in which 1 have found practical operation. I do 
not, however, limit myself (hereto; and it will he under* 
stood that the invention i* applicable generally to 
com]H>nnd compressed-air engines. 

I claim herein as my invention. 

1. hi a i*oiii|miiiihI compressed -Jtlr engine In mnildnat Ion 
with I !»•* high-pressure him! low-pressure cylinders and 
their liilHs mid exhaust*. of a receptacle for compressed 

| all* roll nerled w II la the exhaust from the high pressure evt 
' Inder and with the Inlet In the low-pressure cylinder, and 
menus for musing a current of air lo tU*w over the surface 
of the miM receptacle ojierntlve on Ihe exhaust of air from 
ihe low pressure cylinder, substantially as dewrllwd. 

2 . In a <11111 pound compressed-air engine. In cornblnat |<>n 

with tlte hlgh-piv -sure ami low-pressure c.vllmlers and 

their Inlets nc exhausts, of a receptacle for compressed 
air connected with Ihe exhaust from the high-pressure cyl- 
inder and with the Inlet to the low pressure eyllmler. and 
a passage for atiuosplierh* air through said receptacle, tin* 
exhaust from I lit* low-pressure eyllmler Udng so arranged 
at tlte illsi'hiirge end of Mild air passive as to draw alums 
plierlc air I her<*t hrougli. stilrslaullnlly as dcscriUHl 

In a <s»ui|Muiml eoiupr<*ss<*<l air engine in combination 
with the hlghpresMitrc and low pressure cylinder* and 

their inlets atid exhausts, of a receptacle for cninprcssul 

n tr I'timitylml with theexliaust frmii the high pressure cyl- 
inder and with the Inlet to the low-pressure cylinder, pas- 
sages for atmospheric air through said ris*epinclcs. the 
exhaust from said low-pressure cylinder Udng nrriingcd 
to cause a How of atmospheric air at normal tein|>crnture 
through the passages, sutwtant lally ns d<**crlU*d. 

d. In a <*oin|MMind compressed-air engine. the combination 
with the high-pressure and low-pressure eyllmlers and 

their inlets and exhausts, of a easing arranged to |s*rmit 
Ihe passage of a current of atiuosplierh* air I here! h rough 
ami provided with a Haring outlet, a receptacle for coni* 
pn***«*d air nr ran gis I within said casing ami connect in I with 

• the <*xluiust front the high-pressure cylinder and with the 
Inlet to the low-pressure cyllmlci, f lit* exhaust from the 

I low-pressure cylinder Udng nrr»ng<*d to dlselnirge Into the 
| Haring outlet of said casing, snhstant lally as d<**criU*d. 

An Interhenter for a eomjsmml compressed air e« 

• glne wldch consists of a receptacle receiving air from the 
high-pressure cylinder and delivering air to the low-pres- 
sure cylinder, said receptacle Udng pro\ id«*d with a stir- 

4 rounding Hob! envelop, such Hidd enveloped surface lsdng <»f 

• relatively great extent am! arranged ami adapt <*d to ahsorh 
heat from the atin«»sph<*re. suhslantlaliy ns <h*smdUit. 

Ill testimony whereof. I have hereunto set my hand, 

i rllAin.KS ItoWKS IIOIHSKS. 

f Willie***** : 
j Ai.ii’K A. Titli.i.. 

IUVAI:H II. t *11 IIISTV. 
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To nil whom il may conctm: j voir 1 and nir is fed thereto front I lie main 

Iln it known (lint I. ( '■iahi.ka II. Hoimika. ! reservoir through it suitable reducing vslv« 
n resident of IMttsburg, in the* count v of ; 8, bringing tin? nir t« proper pressure for 
Allegheny n ml Stale or iVunsylviUiin, linve , entrance to the valve Iwix of the high pres- 
invented n new nnd useful Improvement in , an re cylinder .*»\ The pi|H* 0 lends to the 60 
Methods of Operating Compound Com- i high pressure cylinder and has located 
pressed -Air Kngiucs: and I do hereby do- ! therein the o|>craling or throttle valve 10. 
clare the followup to Ik* a full, clear, and ! From the high pressure cylinder ft' the 
exact description thereof, I air pns*e* to the air inter-heater It through 

in ,Mv invention relates to methoda of t>|>- • the pi|>o la and from tin* name through the 65 
eratmir comiwmiid compressed air enginea, ! pipe 18 the valve Isix of the low pressure 
ita olijeet la'iiig to ao operate the anme ns to ; cylinder O', the air escaping therefrom 
olitain increased power from the eoniprcaaed through the |»i|x* H which preferably ex- 
air. , hnusts into the noxxle lf> of the nir inter- 

i . It consists. generally atated. in operating , heater 11 to induce a draft through the name 70 
-uch compreaaeil nir enginea by carrying the | for the re-henting of the air diachnrged from 
compressed nir through and expanding it in i the high pressure cylinder. 'J'he best reaulta 
one cylinder and thereby reducing il Mow i are obtained when the nir enters the high 
lowest atmospheric teinjieraliire. re-heating pressure cylinder at a pressure *»f nlmut WO 
•jn the exhaust air when confined and at low | amt ids and discharges therefrom at a pres- 75 
pressure by extended exposure llirmf to auro of nlmut RO |H>unds, and is raised by 
nir heating at atmospheric temperature ami reheating by ntmospheric beating to aland 
•'--•..by increasing (lie volume thereof and four volumes of the original •■ompressed nir, 
earning the iv-heated air through a low ' so that the low pressure cylinder has a 
pressure cylinder. j cubical contents of about four times that of *0 

The invention also includes the utilization , the high pressure cylinder; for cxnmple, the 
of the compressed air in such wav us to oh- : high pressure cylinder having a diameter, 
lain approximately the proper balance as ! say, of about » inches^ and the low pressure 
between the two cylinders of a com j mu nd j cylinder having a diameter of about 10 
id compressed air enguic so that the power gen- 1 inches. ' 

crated in each will Ik» approximately tlio ! Any suitable rcceptnfcle for reheating the 
same according to the pressure of the nir its I compressed nir by the reheating action of 
utilized in the respective cylinders. j atmospheric nir lie tween the high pressure 

In the accompanying drawings Figure 1 • cylinder nnd low pressure cylinder may he 
35 is a side view of a locomotive engine adapted employed, and the travel of ihe atmospheric co 
for the use of the invention, and Fig. il is a air over the surfaces of such receptacle can 
side view partly broken away on the oppo- be induced in any suitable way. The pro-’ 
site side thereof: and Fig. 0 is a cross sec- ' ferred form of inter-healer is Illustrated in 
tion on the line it it Fig. ‘J. and Fig. 4 is a Figs. *J nml .'t. Inking --imported in horizontal 
to longitudinal sect inn partly broken away of |s»silioii on the side ni the main reservoir, 1,(5 
the preferred form of the iuterhenter nnd extending for practically the full length 
Fig. is a cross section of said itderheider. , thereof, being of small diameter and rein* 

To accomplish the above results in the np- ; lively great length to provide for a relatively 
parntus best adapted for the purpose nnd as strong or violent draft of air through the 
4ft applied to, for .example, a locomotive en- IiiIm-s thereof for re-heating of the com- 100 
giue, T employ the main air reservoir 1 sup- ! pressed air. In the best form, as heretofore 
ported on a suitable locomotive truck or 1 used when the engines are ten inches stroke 
underframe ‘J mounted on the driving and the cylinders live and ten inches in di- 
wheels .4 and I oil the two sides of the loco- anieler resjieclively. the inter-heater is nlamt 
r»n motive. On t lie high pressure side, ns shown 7 feet long. 8 inches in inside diameter, nnd * r '*’ 
in Fig. 1. the high pressure engine is shown at is filled with a large nuinlier of IiiIh-s. for 
.5 connected np to the wheels :t. while on the example, about thirty 1-inch tidies, ns at 10, 
other side t lie low pressure engine is shown at seated in the end walls 17, 18 of the intcr- 
0 coil tier led to the wheels 4. The auxiliary 1 heater, the inter-beater having n suitable so- 
55 reservoir 7 is supported on the main rescr- J ries of baffles 10 between the tidies 10 «« us 1 J * 
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to till' compressed It t r t<> In- IV Ill'll I l*i I ' bind cohlchl • of I In- high plc-nn ■ llilidrf. 

to travel in fii'i'iiitoii* -oiiim* iiroiuiil tin* iv- a* alane staled, I mo • nahl'-.l to null/** tlo 
iii'iit inur tubes. rill- atmospheric ait* i« »*a r- rompi-cod iiir iln'ivin m tin- pre *mc of 
riml through tin* lulu'* K> t»y fin* *lrnfl in- | j*otmds | »♦•** *«piniv inch mid ^•-tti-rni •- 
i liii'i'i I within lln* exhauster nozzle |.'», such idiom lit*- *ame power a* that gem-rated 71 
n* l» v l In- discharge of t In- «'X liti it.-( 11 i r from within the high pressure t*y I »n« l«-r. no n« 10 
lli,, '|o\v pressure cylinder I tt r<*ii>;li I In- |*i |m» inn ittin in the pro|HT Iniliimv of power in 
jn, .\ir iindi-r pressure may iiIho Ih' <-iii- the two cylinders id* a pi d ied l • » 1 In* driving 
plovni hit' inducing the driifl sitch tis by the shaft or shaft* of (In- hsonmiive or of|i«>r 

in pi pen 1 H lending from t lit- pi pi- Ft. and com ' engine. For example. \v here flic high pic* 7, 

I rolled l»v flic ui I vc '.'n. 1 nine nil* i* ivdiiird in (I’ll* high prcs-mv 

In flic prnclicc of 1 lie invciiiion with 1 Im> cylinder from .’»<) to .'><» pound* |ht *«pnnv 
iippimilm* ui Hive d* -.riU'd, tin- compressed inch. 1 In- unbuinmvd i.n-Min* p«r mpimv 
nil* in stored nt 11 relatively high pressure, inch utilized in such cylinder i- *-'iH) pound*. 

1.*, -nv, uboitf 8 (K» pound*. wiiliin t l»i- main res- wliili- in flu* low pres-me cy I indi*r nf mi 

cr'vuir I mid if is mninlnim'd wiiliin fin* pounds mid four times flu* piMon mvu the 

mixilinry reservoir 7 nf llic deni red pressure J total pressure exerted i» * !»*• mi mi'. .Of course 
for flu 1 ope rn lion of tin* engine, say about this may In* varied n* found de-ind»le. but 
•j,*(0 pound*. Upon fbe operation of flu* within practicable limit* the expansion 
-’«i throttle valve in if passes info the high pre*- 1 within the hit'll pressure cylinder i* mi« h n» nr, 
sure cylinder .V ami doc* work (herein. e-cnp- i to redmv the lemis'i'almc of the air nl 
jug llierefrom III 11 relatively low pressure, j least lUO F.. mid llic low pre— ill'c cylinder 

I'or example, in ihcbc-l prneliee ul 11 pressure j is made of siieh size us lo ulilize I In 

of nhont 5U pounds. T 'lie sudden and rapid I pressed nir nmnding to the relative iv- 
•, expansion of the air within said high pres j duel ion in pressure. and the air i« iv healed 
sure evlinder eaiises 11 violent drop in the ! wiiliin the inlerdicntcr to bring il to the 
I ei ope in I mv of the air. bringing it Iwlow : projier volume according to lie relative 
lowest nl mospiierie temperature I. <.. re- 1 sizes of the high prr.*»niy and low pressure 
during il far below the tcmpcintuiv of the ! cylinder*. I’.y tine- providing for l lie rapid 
:m surrounding atmosphere, lor example, if | expan-ion of the high prc*-mc air and pro u> 
it enters at a verity-' atmospheric pressure of 1 viding by at mospiierie re-licnling for the 
i',0 Fahrenheit, (lie air laisse* tlieivfrom at 1 niii'a-nry inereaw of volume of the expand 
a teiiipi'i'aluie below lowest iitmospherii! 1 <*• I air lo provide for it* utilization wiiliin 
temperature, the rod net inn in tcm|>ernlntv ] the low jnvssim* evlinder, liraetieally ail of 
:lj Is ino usually about 110° K. so that it is j the power to ls> generated from the com- lint 
hl'oii^lit toil teinperat lire of about St)' below ! pie*»ed ail* is obtained and I am enabled 10 
zero F. At sndi low temperature the vol ulilize at 1110*1 iherie liealini' through the ear 
lime nf air is iiisiillieieiit to till the low pres- rvin^ of llie expanded com pressed air 
sm e evlinder at a iiressiin* of ,Mi pounds and ) lliroii'di the inier-hcaler in s 1 1 • - 1 1 nay a» lo 
ID if niilized at siteli low lemperai lire the uppn t >»ive proper «*xposiuv lo the at iiio«pherie air 1 <•.'> 
rains will be ipiielily closed llirou;'li the \ for llic re-liealm^ lliereof. and .*u<-li re-licnt- 
oiil liei ino of frost, freezing of (be lubrieanl. in'.' is ohlained without llie^ expenditure of 
and from other causes. I therefore dis- power oilier iliau llmi siillieieiit to expose 
thai^e the exhaust from the hif-h )»ressmv the compressed air to proper nlmn*pheri«: 

•I,' - ' evlinder into u suitable reeetitaele mid utilize re-heatino Ih-iwi-cu the liifrli pressure cy I in ItO 
llie at tno.-plierie air for rc-Iu'iilinj' the com- di-r ami ihe low pressure eilimler. and at 
.pressed air when so coiiliiicd hy carrying the | the same lime to halmiee the power ohlained 
nl urn spherie air over llie exposed surfaces ' so a* I « • ul ilize the force •'ciicrnled upon llie 
of such recejilaeh'. for eMiniple. through llie 1 same driving shaft and balance that power 
.'■•) tuls's of lie- inter-healer 1 1, prel'el'alily iisino j in llie operaliou of llie engine. s t » utilizing 115 
for this purpose the exhaust air from the I practically all the power to lie ”eneraled 
low pressure cylinder, lly *iuh exhaust a [ from the com pressi'd air. 

violent draft of atmospheric air is carried [ In order lo insure a siiUieienl drill t 
through the tulies of the inter healer, and ! through llie iiiler-liealer to re heat the air 
• *> as llie compressed air travels aroiiml said j eiilerin^ the same from the liij-h pressure 120 
luhes it is re-lieated hy the at mospiierie air l cylinder and increase il» volume to Ihe full 
and raised thereby approximately to or up- i extent to olaaiu llie desired power llieiv- 
proaebin^ almosplierie temperature, and it | from in llie low pres-nre cylinder, instead 
is thereby increased in volume, a siilHcieut 1 of <>r in addition to the 11*' of the exhaust 
,itJ volume for ulilizalion within the low pres- , air from llie low pressure cylinder. I may 125 
sure cylinder of relatively erealer cubic eon- | introduce a jet <>r air under pres»ure inlo 
tents than the hij;h pressure cy linder bein^r | lie* nozzle of the inter healer: for example, 
obtained. by means of the pipe 1 •’ * taken from tin* 

In practice 1 find that by making the low pipe U! a* alsive deserilied. 
i;5 pies*iiiv cylinder about four limes the eii- I The general apparatus employed for the I>1C 
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practice of tliu method sot forth herein Is 
disclosed in 1 a) tier* l’ntent No. Htt8./»iM), 
granted to me < )etnl>er 15, |l>07. 

Tin. HjH'i'iiil method of inducing n current 
r, of nit* ill ulmospheric teni|M*ruture ovi*r flu* 
surface of I lit* confining receptacle by u jet 
of it it* ul iih high pressure tin t lint entering 
till* low pressure cylinder. for example iih 
i lint passing througli tlu* pi |x' III', forms tin* 
lo subject unit tor of ii separate application tiled 
bv me of even dale herewith. Serial No. 

The sjH'ciliv n p| hi nit iih ill) i^t t*n t «*< I in thin 
tt pplii’tit ion mill involving tin* employment 
I . of nn n i r inlerhcnter linving n long con* 
traded ImhIv of hiiiiiII diameter tilled with 
n Inigo iiiiiiiIht of liilws of hiiiiiII diameter 
mill it pipo nirrying nil* from tho ni|»e leiid- 
ing to tho low proHHinv cylinder tor indue* 
:•(» ing ii dm ft ovor tho exiMiscd surface of the 
nir iiitorlionlor. forms tho subji*ct unit lor of 
mi nppliontioii flloil bv mo of ovon ilnto 
hoivwith. Sorinl No. .*»()!. tW.'t. 

Wlint I olniin in: 

•jr, i. Tho iiio|Ihh| of opornliiig compressed 
nir onginoH. consisting in onrrying tho nir at 
high pressure through uinl expanding it in 
mho cylinder nml thoroby roil living it lielovv 
In wot atmospheric tcmiHTnliire, re-heuting 
:;o tho exhaust nir from Hiiio oylimlor when con- 
finnl by oxtomloil oxpoHiire to nir heating 
nt atmospheric tonipornlure nml thereby in* 
oroiiHing tho volnmo thoroof nml its vnpnoity 
to gonornlo powor, nml onrrying the re-heat- 
:t i oil nir through ii low pressure oylimlor. 

•j. Tin. mot hod of <>|>oriitiiig compressed 
nir engines, consisting in onrrying nir nt high 
procure through one cylinder and thereby 
reducing it Ik* low atmospheric tempernturo. 
eonliniiig such nir within n receptacle nnu 
by n jot of nir under pressure inducing a 
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current of ai** nt atmospheric tcm|>oniturc 
over tho ox |h woil surface of Hiioli receptacle 
nml thereby reheating nml increasing tho 
volume of hiicIi ox|hmhhI nir, nml onrrying 
tho reheated air through a low pressure cyl- 
inder. 

.'I, The method of o|>criiliug compressed 
uir engines, consist ing in currying the nir ill 
high pressure through mid expanding it in 50 
one oylimlor and thereby reducing it Indow 
lowest atmospheric tcui|H-rut lire, ro-hoiitilig 
the exhaust uir from said cylinder when 
confined by extended vx|s>Niirv lo uir heat- 
ing at atmospheric tcui|>eriil lire and there- 55 
by increasing the volume thereof, and onr- 
rying the re- honied nil* through a low pres- 
sure cylinder, and ho discharging tho ex- 
haust therefrom as to induce a lira ft over 
the ex | Mined surfaces of tho receptacle con- oo 
lining the exhaust air from the high pres- 
sure cylinder. 

1. 'fhe method of o|>crutiug compressed 
air engines, consisting in currying the air 
at high pressure through and expanding it n6 
in one cylinder and thereby reducing it Is*- 
low lowest atmospheric teinjieruture and re- 
heating the exhaust air when eonlinod by ex- 
tended ex|M>sure thereof to air ul atmos- 
pheric tc»i|HTnturc and thereby increasing 70 
it to the necessary volume to generate sub- 
stantially like |Mivver within another cylin- 
der of greater cubical contents nml carrying 
such re-heated air through such low pres- 
sure cylinder. 76 

In testimony whereof, I the said Oiiaih.ks 
I t. Honors have hereunto set my hand. 

Cl I. MILKS It. IIODHKS. 

Wit Hessen: 

Hoiikrt C. Torrr.x, 

,J. F. Wn.u 
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Application S led June 11, 1900. Serlnl No. 501.649. 


To nil whom it may concern: 

Ho it known Unit I, Cuahu:* H. I loom:*, 
n re*ident of Pittsburg* in flu* county of 
Allegheny nnd State of IViiiih^vI vnniti, nave 
6 invcnlctl a new nnd Useful Improvement in 
Method* of Operating Compound Coin- 
prc**cd-Air Engine*; mid I do limhy de- 
clare the following to In* n full, clear, nnd 
exact description thereof, 
jo My invent inn relate* to n method of op- 
eratnig compound eomptv**ed air engine*, 
it* object beiiyr to so operate the Mime a# to 
insure t lie maintenance of the surface of tin* 
nil* inlcr-heatcr in proper condition for the 
1& proper reheating of t lit* air expanded within 
the high pre**uro cylinder and insure the 
proper operation of the engine. 

It enii»i?d!", generally Mtnte«K in carrying 
t lit* eumpre**ed air at high piv-Mirc through 
oo nnd expanding it within the high pressure 
cylinder and thereby reducing it !h»Iow at- , 
nio*pherie temperature, conlining such ex- 
haust nil' within a receptacle having ex- 
tended exposed surface* and reheating the 
25 Mime by inducing over Htch exposed surface* 
a violent current of air at atmospheric tem- 
perature HtilllcietU to scour from or prevent j 
the formation of frost on such surface*. i 
thereby reheating and increasing the volume 
30 of j*iieh exhaust air and carrying the re- 
heated air through the low pressure cylin- 
der. 

It aUo consist* of certain other improve- 
ment* a* hereinafter set forth and claimed. 
35 In the accompanying drawing Figure 1 
is a side view of a locomotive engine adapt - 
ed for the use of the invention: Fig. g i> a 
side view partly broken away mi the oppo- 
site side thereof: Fig. is a eros- section 
40 on the line *V *A Fig. g; Fig. I i> an en- 
larged longitudinal section of the inter- 
heater and Fig. 5 is a cross section tliereof: 
Fig. H is a detail view of one end of the 
inter-heater showing other mean* of indue- * 
45 ing the violent current through the same, 
in the original development of the com- 
pound compressed air engine such as illus- 
trated in letter* Patent No, K0S.50O granted 
to me OcIoIht loth, WOT, dillieulty was cn- 
60 countered in the gathering of frost upon the ( 
exposed surface* of the inter-heater, anti a* 
such frost acted as a 11011-conduelor it pre- 
vented the rapid reheating c# f ^ the .om- 
jiiVHsed air after it was expanded in the high 
65 pressure cylinder. This frost also tended to 


1 clog and close the tul>c* of the inter-heater 
ami *o reduce the amount of air carried 
through the tul>c* and diminish the reheat- 
ing action of the ntmosplierie air and as the 
compressed air within tin* inter-healer was vi 
at a very low temperature, ordinarily enter- 
ing the same KMI or more degrees 1*. below 
ntmosplierie temperature, the frost covering 
the tills** of the inter heater would gradu- 
ally increase in thickness so a* to almost 05 
cities the same, Uy the present invention 1 
am enabled to overcome this dillieulty and 
provide for I lie successful operation of the 
engine even where the Mimimiding atmos- 
phere i* of verv low temjM a ratiiiv, in fact 70 
k*Iow zero F. The apparatus 1***1 adapted 
for the practice of tlie intention is illus- 
trated in the accompanying drawing- as 
applied to a locomotive, having the main 
air reservoir 1 supported on suitable Income 75 
live truck or under-frame g mounted on the 
driving wheel* nnd 4 on two ddc* of tin* 
locomotive. 

On the high pressure *idc ns shown in 
Fig. 1 the high pressure engine is shown at 8C 
5 connected up to tin* wheels Jl. while on the 
other side the low pressure engine is shown 
at it connected up to the wheels 4. Mini wheel* 
l*»ing secured to the axles 7. The auxiliary 
reservoir * is supported on the main reser* 8: > 
voir 1 and air is leal thereto from the main 
reservoir through a suitable reducing valve 
P bringing tin* air to pr«»|H*r pressure for 
entrance to the valve eliest ID of the high 
pressure cylinder II. The pine lg lead* to 
the high pressure cylinder ami located there- 
in is l he opa*rat ing or t lirol th* va I ve I •» which 
F connei ted by the rod 1 1 to the t hrni t le lever 
15. 4 ha* pipe 10 lead- from thcexhaiM of ihe 

high pressure cylinder II to tin* inter-beater v > 
17 and the pipe is leads from tin* inter* 
beater to the valve eliest ID of the low pres- 
sure cylinder go from which cylinder tin* 
air exhaust*. In tin* preferred construction 
I locate in the pipe IS u stop vulva* gl to l 01 * 
hold the air within the inter heater upon 
the closing of the throttle valve, said stop 
valve being actuated by the fluctuation* * • f 
pressure in pipe 1*J iransmitted through 
| dpi* gg, as described in application for 
patent tiled by lue October gU. lUUs. Serial 
So. 150.0 pj, The preferred form of inter- 
beater is illustrated in Fig-. g, I and 5. be 
ing supported in horizontal position on tin* 
side of the main reservoir and extending HO 
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for practically the full length thereof ami 
being of small diameter and relatively great 
length, and is idled with a large number of 
small tubes to provide for a relatively strong 
5 or violent draft of air through the tube* 
thereof for reheating the compressed air. 
For example, in practical use l June found 
that with the cylinders 5 and 10 inches in 
diameter by 10 inches stroke, the best form 
10 of inter-beater is made of a casing 23 about 
7 feet long and about 8 inches inside diam- 
eter, this inter-heater being filled with a 
large number of tubes 24 extending for the 
full length of the inter-heater seated in the 
15 end walls 25, 2<> thereof, the tubes !>eing of 
small diameter, for example, about 30 tube^ 
l-inch diameter being employed. 1 also pre- 
fer to employ within the inter-heater a suit- 
able series of bailies 27 between the tubes 24 
20 f**o as to cause the compressed air to be re- 
heated to travel in circuitous course around 
said reheating tubes. To induce the draft 
or current of atmospheric air through the 
inter-heater tubes I may employ dilferent 
25 means, for example, in Fig. 2 1 have illus- 
trated the apparatus where air under pres- 
sure is utilized to induce the draft through 
the inter-heater. In such case I form at the 
exhaust end of the inter-heater the nozzle 
20 28, and entering the same is the air jet 20, 
tliis jet being connected up to any part of 
the apparatus from which air under pres- 
sure can be drawn. 

I prefer to draw the air for inducing the 
35 draft from the pipe 18 between the stop 
valve 21 and the valve chest ID of the low 
pressure cylinder, as in this way said stop 
valve in preventing the escape of compressed 
air from the inter-heater upon the closing 
A0 of the main throttle valve also cuts oil the 
air from the air jet 2D, there being no escape 
of air therefrom except when the engine is 
in operation. To this end 1 employ the pipe 
30 leading from the pipe 18 and having 
-ir, located therein the valve 21 controlling the 
amount of air escaping from the air jet pipe, 
and to obtain a stronger inducing current 
the air jet is of annular form as shown at 
32. for example I icing binned of a ring pipe 
50 with a series of jet orifices. To induct* the 
draft through the inter-heater I may also 
utilize the exhaust from the low pressure 
cylinder as illustrated in Fig. 2. employing 
the same either alone or in addition to the 
35 air under pressure entering through the pipe 
30. In .-iirh case the exhaust pipe 33 leads 
from the low pressure cylinder 20 and dis- 
charges into the nozzle 28 of the inter-heater 
and may communicate with the pipe 30 sup- 
r,o plying air under pressure. This provides 
for the use Ixilh of the exhaust air from 
the low pressure cylinder and of air under 
pressure, so insuring the formation of a suf- 
ficiently violent draft for the scouring of the 
C5 tubes of the inter-heater ns hereafter de- 


scribed. For the same purpose T mnv also 
• employ an independent fan for inducing 
the draft through the inter-heater as i 1 1 us- 
i t rated in Fig. 3. in this ease the fan 35 i- 
located within tin* tubular extension 33 of ; r 
the inter-heater 37 at the discharge end 
thereof and the fan is illustrated as driven 
by a suitable air motor or turbine 3S operated 
: by air under pressure drawn from any suit- 
able part of the apparatus, such for ex- 75 
. ample, as from the pipe 18 between the 
inter-heater and tin* low pressure engine. 

In the practice of the invention with the 
apparatus above descril>ed, the compressed 
air is stored at relatively high pressure, go 
usually about 800 pounds, within the main 
reservoir 1, and it is maintained within the 
auxiliary reservoir 8 at the desired pressure 
for the operation of the engine, say. at about 
250 pounds. Upon the operation of the $5 
throttle valve 13 the air passes to the cylin- 
der 11 of the high pressure engine and gen- 
erates power therein, escaping therefrom at 
a relatively low pressure, for example, in 
the best practice at a pressure of about 50 90 
pounds. 

The sudden and rapid expansion of the 
air within the high pressure cylinder causes 
a violent drop in the temperature of the air, 
this in turn contracting the same and redue- 05 
ing its volume. For example the air enters 
the high pressure cylinder at C0° F., and it 
passes therefrom at a temperature far below 
atmospheric temperature, the reduction in 
temperature being usually about 140° F. so ion 
| that it is brought to a temperature of about 
j S0° below zero. If the air were allowed to 
enter the low pressure cylinder at this tem- 
perature such cylinder would have to be 
smaller or the pressure less, and in either 105 
case the amount of work done in the low 
pressure cylinder would l>e much reduced, 
the size of the cylinder or the pressure of 
the air lieing reduced approximately one 
third. II3* the passage ot the air through no 
the interheater as above described the tem- 
perature is restored as such pressure is in- 
creased in volume so that I am enabled to 
obtain the same power in the low pressure 
cylinder which would have been obtained i 1 5 
had no drop in temjie.ratiiiv occurred. The 
difference between the temperature of the 
exhaust air when it leaves the high pressure 
engine and atmospheric temjieratiiiv is so 
great that it tjtiickly causes condensation of 1211 
moisture earned in the atmosphere which 
forms as a coating of frost over the exposed 
surfaces of the inter-heater, such as within 
the tubes 21 thereof, and as above stated 
this frost coating serves as a non-conductor 125 
and prevents the full reheating action of 
the atmospheric air passing through the 
inter-heater, and gradually gathers so that 
unless removed it will clog and pnrtialh' close 
the tubes thereof so reducing the current of 130 
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air carried therethrough. To keep tin* tubes 
of the inter-heater elear from frost mid 
maintain tin* full action of the atmospheric 
reheating I induce a very violent draft 
2 through the tilhes of the intcrdieater I iv the 
Miction or forcing action obtained in any 
suitable wav. Mich as by air under pressure 
as shown in Fig. *_\ or by the exhaust air 
from the low j)res>iire cylinder as shown in 
to said figure. or both, or by means of the fan 
a< shown in Fig. <5. Such violent draft of 
atmosplicric air through the 1 iiIm*> of the 
intcrdieater acts to scour <»\rr the surfaces 
thereof on account of the large amount of at* 
2 mospheric air carried through the small 
iuIk»s gives a sullicicnt reheating' of the com- 
pressed air within the interheater to prevent 
the formation of frost on tin* exposed sur- 
face- of such tubes and to scour off any such 
20 frost in case it i> formed therein, so keeping 
the tubes of the inter-heater clear from frost 
and enabling the air earned therethrough to 
imparl its full reheating action to the com- 
pressed air confined within the inter-heater. 
2T» I have found that hy providing such violent 
scouring draft through the tul»es of tlie in* 
tcr-heatcr I am enabled to keep such Julies 
clear from frost even when operating the cn- 
jrine at atmospheric tem|>eratiires entisider- 
20 ably below zero F.. and tbu- obtain the efli- 
cient o]>cration of the engine under such ex- 
treme conditions Where the exhaust from 
i be low pressure enirine is iu>iiilieient for 
this purj>ose it may lx* supplemented as 
2r» above* descri!>ed. by the in* of eom pressed 
air. and the amount of air under pressure 
Used controlled hy the valve 31 within the 
air jet pipe 30 lend bur from the pipe IT* Iie- 
iween t he inter-heater and the low pressure 
to i-ylinder. As through the stop valve in 
Miid pijM* the esca|N> of air from the inter- 
heater is prevented upon the closing of the 
main throttle valve no air under pressure is 
wa-letl for the operation of the inter-healer 
*12 when the engine i- not in operation but it U 
automatically fed to the air jet a- soon a< 

) l‘C throttle valve i- open :i M« I the -top valve 
i- opened to admit air from the inter-heater 
1 1 > iii.- low pressure enirine. 

2u 'I lie general method of operatiiiir coin- 
pn^-ed air engine- in which the air at high 
ptes-urc i> carried t hr«»n*rli one cylinder and 
thereby ivdu<vd below highest atmospheric 
teiii|M*rat tire and tin* c\haii-t air therefrom 
52 i- reheated when con lined by extended e\. 
|H>-uri* to air at at mo-pherie temperature 
and i- then carried through a low pre-Mire 
e\ linder. and the -|Mvilir methods jn which 
e\liai;-t air from the low pre— ure evlinder 
t;o while -till under piv— mv i- di-eharged to 
induce a draft over the* exposed surface of 
the interheating rerepl acle. form the stibjeet 
matter of application filed bv me of even 


date herewith Serial No. 50 1.041. 'Flic ap 
, pa rat us for producing a draft over the ex- 65 
posed surface of the inter beater by means of 
a fan. as illustrated in this application, 
form- the subject matter of an application 
tiled by me of even date herewith Serial No. 
501.040. Tin* eonst ruction of t lit* interheater 70 
and the connections taken from the pipe 
lending to the low pie— ure cylinder for pro- 
viding air for inducing a draft over the ex- 
posed surface of the interheater, form the 
Hibject matter of an application tiled by me 75 
of even date herewith Serial No, 50 1,(713. 

What I claim is: 

1. The method of operating compound 
compressed air engine-, consisting in carry- 
ing tin* compressed air at high pressure and SO 
expanding it within one cylinder and there- 
by reducing it Iwdow atmospheric temjx*r- 
ature. confining such exhaust air from said 
cylinder within a receptacle and inducing 
over the exposed surfaces of mi id receptacle 85 
a violent current of air at atmospheric tem- 
perature sufficient to scour from or prevent 
the formation of frost on the exposed sur- 
face- of said receptacle and thereby reheat- 
ing and increasing the volume of such ex- 00 
Inmst air and its capacity to generate jx»vver. 
and carrying the reheated air through a low* 
pressure cylinder. 

-• The method of operating compound 
compressed air engine-, consisting of carry- 95 
jug the compressed air through and expand- 
ing it within one cylinder and thereby re- 
ducing it Udow atmospheric temperature, 
confining such air within a receptacle hav- 
ing a scries of tulx*- passing through the 100 
Mime and inducing a violent current of air 
at atmospheric temperature through the 
HiIh*- of -iich receptacle siillieient to s«*onr 
from or prevent the formation of frost 
therein, thereby reheating and increasing 105 
I be volume of -ucli exhaust air and earrv- 
inir tin* reheated air tliroiigli a low ore-sure 
evlinder. 1 

3. The method uf operating ci>mpre--ed 
air engines. «s»n-i-t ing in earrying the air at 1,0 
high piv--utv through one cy lit i«|cr. eonfin- 
ing the exhaust air therefrom within a iv- 
ecptarje having extruded exposed -urfacc- 
and then through a low pressure evlinder. 
and indttcinga eurrent of air at atmo-pherie 115 
teiiiperat ure over the surface- of the confin- 
ing receplacle by a jet of air at a* high 
pressure a- that entering the low procure 
cylinder. 

In testimony whereof. I the -aid Ciiviu.ks 120 
lb Honors have hereunto -e| my hand. 

(’ll A ItLFS lb Unix IKS. 

it ne-ses : 

UouKirr (’. Toitkn, 

J. F. Wiix. 
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jii ##// Wiu/u it fnoy votictrn: 

Mi* it known I lint I, (’iiaiilkm II, I|uiho:h ( 
ji resident of Pili*l»uiir t in iiii* county of Al- 
legheny mill Shili* of TVnn*vlviiniii, luivc in- 
:• Yi*vi Iim] ii new mol useful Improvement in 
Compressed-Air Kngiuen; ami 1 do hereby 
declare tin* following to In* ii full, clear, and 
exact dcscripl ion thereof. 

Mv invention relate* lo compound com- 
in pressed ii i r engines, its I km n In pro- 

vide ii m engine of thin ly|H* constructed to 
obtain tin* full n m I proper reheating of tin* 
nil* expanded within tin* high pressure cyl- 
inder and tin* proper operation of the en- 
ir» gino, especially when applied to use for loco* 
motive*. 

The invention comprise*. generally stated, 
an engine having a main reservoir, an auxil- 
iary reservoir, a long contracted air inter- 
vu hunter ami means for inducing a souring 
draft through the inler-hcater; ns well as 
oilier improvements hereinafter described. 

The special point a of the invention de- 
sired lo In? eovcivd will In? si*t forth ill the 
:'•> claims. 

In the accompanying drawing Figure 1 i * 
a side view of a locomotive engine embody- 
ing the invention; Fig. 2 is a side view 
partly broken away on the opposite side 
ao thereof; Fig. 3 is a cross section on the line 1 
3~ 3 Fig. 2; Fig. 4 is an enlarged longitu- 
dinal section of the inter-heater: and Fig. 

.7 is a cross Miction thereof, 

The apparatus best adapted for t lie prac- 
•t' r » tiee of the invention as at present developed 
is illustrated in said drawings in connection 
with a locomotive engine, having the main 
air reservoir 1 supported on a w uilable loco- 
motive truek or underfrnme 2 mounted on 
in the driving wheels 3 and 4 on two sides of 
the locomotive. On the high pressure side 
as illustrated in Fig. 1. the high pressure 
engine is shown at .7 while mi the oilier side 
the low pressure engine is shown at U, these 
i ; » engines being connected up to the wheels 3 
and 4, said wheels living secured to the driv- 
ing shafts. or axles 7. The auxiliary iwr- 
voir S is supported on tin* main reservoir 1 
and air is led thereto from the main reser- 
•»u voir through a suitable reducing valve 0, 
bringing the air at proper pressure to the 
valve chest 10 of the high pressure cylinder 
11. The pipe 12 leads to tne high pressure 
cylinder nnu located therein is the cnntrol- 
ling or throttle valve 13 which is connected , 


by tin* rod 14 to the throttle lever I The 
plJH* HI leads from the cxliatM passage of 
the high pri*ssure cylinder II to the inter- 
healer 17, and the pipe I s Inn Is frtun the 
inter-heater In the vnhe client 1U of I In* low f 0 
pressure cylinder 20 from whi» , li cylinder 
the air is exhausted to the nlnio*|>herr. The 
inter-heater a* illustrated in Figs. 2 t r » .7, is 
supported in a horizontal position mi the 
side of the main reservoir and extend* for e5 
praef leally the full length thereof, being 
made of small diameter mid relatively great 
length, and is lllied with a large number of 
small <u1k*s to provide for a relatively strong 
or violent draft of air through the tubes 70 
thereof for reheating the compressed air. 

I* or example, in practical use I have found 
that with the cylinders .7 and in inches di- 
ameter by 10 inch stroke tie* best form of 
inter-heater is made of a casing 23 about 7 76 
feet long and iiIkmi I S inches in inside di 
a tncter, this inter-healer being tilled with a 
largo number of tidies 21 extending for the 
full length of the intiT-healer and seated in 
the end walls 2.7 and 23 thereof, the tidies lie- 80 
ing of small diameter, for example, about 3M 
tube* 1 inch in diameter being employed, l 
also prefer to employ within the inter-heater 
n suitable series of bn (lies 27 between the tube** 

24 so as to cause tin* compressed air to be £.?> 
rc-hcated to travel it*' a circuitous course 
around said reheating tubes, these bailie* ex- 
tending alternately from the opposite side* 
of the inter -heater practically across the 
same and forming pas-ages It/ for the pas- w*> 
sago of the air wiihin the heater in -uch cir- 
cuitous course. 

To induct* n draft or current of atmos- 
pheric air through the inter-heater 1 may 
employ any suitable means, utilizing for ex- 0 > 
ample either air under pressure, or exhaust 
air from t lie low pressure cylinder, or hot It. 
Where air under pressure is employed for 
this purpose it may lie drawn from any suit- 
able part of tin* apparatus. I have i I Ins- ,tr> 
(rated it as drawn from the pipe IS which 
leads from the inlerheater lo the low pres- 
sure cylinder, and for that purpose I have 
employed tin* pipe 30 extending therefrom 
to the nozzle 2N at tie* exhaust end of the !•». 
inter-heater, the pipe 3o_ leading In ihe air 
jet 21) entering said nozzle and thereby in- 
ducing a violent current through the iubes 
of the inter-heater. Whore the supply of 
air is drawn from said pipe 1$ l prefer to ' 
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connect it to said pipe between the stop * power generated by the two engines, the air 
valve 21, and the valve chest of the low pres* should be im*»vased to about four times the 
sure cylinder, this stop valve being do- volume ai which it enters the high pressure 
scribed in an application for patent filed cylinder. The dill'crcme in temperature bc- 
5 bv me ()eto!>er 2fi. 190S, Serial N*o. -I.3JMM2, in ecu ihe exhaiiH air when it enters the 
and having a pipe 22 on the delivery inter-healer and atmospheric temperature is 
side of the stop valve which eouunmu- so great that it (piiekly causes condensation 
cafes with the pipe 12 leading from the of umi*! ure carried in the atmosphere which 
high pressure cylinder so that pressure* } form* a coating of frost over the expose! 1 
1° from said pipe 12 will raise the valve when ; surfaces of the inter-heater such as within 
the main or throttle valve 13 is opened, and i ihe tubes 2 I i hereof, and this frost coating 
upon the closing of said main valve the pres- ! ?cr\e* :e a hon-comliictor, and when a short 
sure within the inter-heater and a spring 1 \rrtiral inter-heater of the construction illu<- 
will dose the stop valve 21 and so hold the t ruled in I welters Patent No. MiS.TWH. granted 
!■** air within the inter-heater, cutting off the ! loinriM«iln'r 1.3. inn", is employed the frost 
supply of ail* to the air jet 2l>, so that air ; coating under certain conditions forms on 
under pressure is only supplied to said jet j tin* exposed surface* of such tubes and pre- 
when the engine is in operation. Uy locat- \ents tin* full rehearing action of the at mus- 
ing 1 1 valve 31 in the pipe 30 leading to J pheric air passing through ilm same and 
the air jet the amount of air fed to the air jet \ gradually gather* so that unless removed it 
can be controlled. To generate a stronger j will dog and partially dose the tubes so re* 
inducing current from thc^nir under pres- ; during the current of air carried there- 
surc the air jet as illustrated at 32 is of an- j through am! impair the operation of the in- 
nular form, being shown as formed of a ring ! ter- heater. I tv ihe employment of the inter- 
-3 pipe with a series of jet orifices therein. To j heater a* illustrated in ihis application, 
aid in inducing the draft through the inter- ' however, when* a long contracted horizontal 
heater I may also employ the exhaust from j inter -healer of *mall diameter having a 
tlic low pressure cylinder, and to that end large number of Muaff tubes is employed. I 
the exhaust pipe 33 may connect with the ; am enabled to induce a very violent draft 
::o pipe 30. as illustrated in Fig. 2. so enabling ! through the tubes of tie* inter-heater by tin* 
me to utilize both the exhaust air and air ) suction action nbtaimd. such as by the dis- 
under pressure for generating a strong j charge of air under pressure or by exhaust 
scouring current through the inter-heater. j air from the low pressure cylinder, or both. 
In the use of the invention tin* compressed (and *uch violent draft of atmospheric air 
•* 1 air is stored at a relatively high pressure. | through the tubes acts (o scour over the sttr- 
usually about 800 pounds, within the main j faces thereof, on account of the large amount 
reservoir 1. and il is maintained within the ; of air carried through tin* small mix*? and 
auxiliary resi*rvoir S at the desired pressure j thereby prevents the formation of frost on 
for the ojswntinn of the engine, say, at alwmt | the exposed surfaces of such tubes and 
2.30 pounds, rpon tin* nperatmn of the scours oil* any such f)*ost incase it is former) 
throttle valve 13 the air passe* to tin* cyl- j themm. so keeping the tubes of tin* inter- 
inder 11 of the high pressure engine and 1 heater clear from frost and enabling the air 
moves ilu* piston therein, escaping there- {carried therethrough to impart its full rc- 
from at a relatively low pressure, for ex- I heating action to the compressed air con- 
ample, in the ln*st practice at about .30 lined within the inter-heater. I have found 
pounds. I hi* sudden and rapid expansion that hy the employment of such construction 
i he air while moving the piston within j and the violent scouring draft through tin* 
tin* high pressure cylinder cause.- a violent iu1h*s resulting therefrom 1 am able to keep 
drop in tin* temperature of the air. Forex- , such IuIm*s clear from frost even when op- 
•*° ample, if it enters at an average atmospheric j crating the engine at atmospheric t cm pern - 
temperature of r»0 ' hahrenheit. tin* air i lures eoiisidcrahly below freezing point, and 
passes therefrom at a temperature below ; thus to obtain the efficient operation of the 
lowest atmospheric temperature, the rcduc- . engine under such extreme conditions. f rhc 
t ion of temperature being usually about 1 l<V amount of air under pressure used to obtain 
'* *' F.. so that it is brought to a temperature of j such scouring action can he controlled by the 

idmut 80 F. Mow z«*ro. At sieh low tein- , valve *\l within the air ji*t pi|^* 30 accord - 

I a* ratun* the volume of air i.* iii-ulltcietit t<» ( ing to atmo-phcric <*ondition.s. while by tak- 
iiH the low pressure cylinder at a pressure ing the air under pressure for operating the 
of .30 pounds where the cylinders are made jet from tin* pipe It; between the stop valve 
Ml of what I have found to U* tin* most dcsir- 2 1 and tin* low pressure cylinder, the dis- 
able relative sizes, for example, when* tin* charge of the air through the air jet i* con- 
cubical content? of the low pressure, cyl- trolled hy the operation of the main throttle 
inder is about four times that of the high valve and no air for such purpose is wasted 
pressure cylinder, and to obtain the ln*^t re- , when the engine is not in operation, hut is 

05 suits and give a >ubstantial balance of the * automatically fed to the air jet as soon as the 
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throttle valve is opened and tin* slop valve 
i- also o] k*iicm I in sm] in it air from tin* inter- 
heater tu the low pressure engine. 

In applient inn of even date herewith. Se- 
ri rial No. .‘>01.<*» 11*1 Iia ve described and da imed 
the "clicral met 1 mm I of opera 1 in^T a compound 
compressed air engine eon-islino in carry- 
ing 1 In* compressed air through a ih I expand- 
ing: il in one cylinder and reheating tin* ex- 
ln haust air by extended exposure thereof to 
air liealin^r at atmospheric lemperai lire, car- 
rying the reheated air through a low pres- 
sure cylinder: and in application of even 
date herewith. Serial No. oOl.tl|*2, I have 
15 di‘>erilM‘d and claimed the special method 
practiced hy the apparatus here set forth in 
which »ueh a violent enrreiil / of air is car- 
ried over the exposed surface- «it the inter 
heater a- In -emir from m* prevent tin* for- 
iui niation of frost on mu Ii surfaces. 

Application tiled hy me of even date here- 
with Serial No. ViUl.lWJt 1 . describes and claims 
the employment of tin* sane* lever lor op- 
erating the main throttle valve and means 
•jr> fur inducing a current over thcc\po-cd air- 
fares of tin* inter-healer. 

What I claim is: 

1. In a eoui pound cuinpre-scd air engine, 
the combination of a hi"h pre-smv engine. 
:;u a low pressure engine, and an inter-healer 
ln*t ween them, said inter-healer having a 
|nii*j emit raeted IhmIv ol small diameter Idled 
with a la r^e niimlK , r of tnhes nl small diam- 
eter, and means for indudii" a rnnvnt of 
a5 atmospheric air through said inhes siiilicient 
to cause a scouring draft through the said 
tiling and prevent the formation of frn-t 
thereon. 

*J. In a cotn|Miund compressed air engine, 
-to the combination of a 1 1 iirli pressure engine, 
a low pressure engine. an inter-heater Ik‘- 
l ww*ii them having hi roe expose* 1 surfaces 
and liavino a nozzle on the discharge end 
thereof, an air jet commnnieat in*; with said 


nnz/le and a pipe carrying air under pre>- 45 
sure as high as entering the low ]>res- 
sure cylinder and cummnnicat ing with said 
air jet. 

d. In a compound compressed air engine, 
the comlnnat inn nl* a high pressure cv Tinder, 5U 
a low pressure cylinder, an air inter-healer, 
a pipe leading from the exhaust of the 1 1 i «rh 
pressure engine to said inter-healer, and a 
lipe leading from said intcr-henlcr to the 
ow pressure eyliuder, and a pipe leadiuo 55 
from said hitler pipe to supply air under 
pressure to produce the current of air over 
the exposed surfaces of ihc inter-heater. 

4. In a compound compressed air enoine. 

t lie eomhination of a high pressure engine, go 
a low pressure engine, an imer-heater. a 
pipe leadiuo from the hioh pressure enoine 
to the inter-healer and a pipe leadiuo from 
the inter-heater to the low pressure cnoine. 
said pipe having a stop valve located there- G5 
in. and a pi|x‘ connected to said pipe between 
the slop valve and the low pressure enoine 
for supplying air under pressure to produce 
a draft over the exposed surfaces of the 
inter-heater. VO 

5. In a compound compressed air enoine. 
the combination of a high pressure enoine. 
a low pressure enoine, an inter-heater bc- 
twivn them haviuo ;i discharge nozzle and 

an air jet to induce a draft over the ex- 75 
posed surfaces of the inter-heater, a pipe 
carrying air under pressure as hioli as that 
entering tin* low pressure cylinder and lead- 
ing to said air jet and a pij>c leadiuo from 
the exhaust of the low pressure engine to 80 
said air jet. 

In testimony whereof. I the said Ciiaki.ks 
It. IIoiwiKS have hereunto set mV hand. 

TIIAKLKS R 1101)0 KS. 

Wit nesses : 

Roman* C. Tottkn. 

J. F. AVii i.. 
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To all whom it may concern: 

Bo it known that I, Charles B. Hodges, a 
resident of Pittsburg, in the county of Alle- 
gheny and Stale of Pennsylvania, have in- 
5 vented a new and useful Improvement in 
Compound Compressed-Air Engines, (Case 
1 ;) and I do hereby declare the following to 
l)e a full, clear, and exact description thereof. 

My invention relates to compound com- 
10 pressed air engines, its object being to pro- 
vide means for carrying the air used for re- 
heating the compressed air over the exposed 
surfaces of the inter-heater between the high 
pressure engine and the low pressure engine 
15 and to control the same in connection with 
the operation of the engines through its main 
or throttle valve. 

It comprises, generally stated, in combina- 
tion with a high" pressure engine, a low pres- 
20 sure engine anti the inverheater between the 
same, of the throttle valve controlling the 
supply of air to the engine, means to induce 
a current of atmospheric air over the sur- 
faces of the inter-heater, a valve controlling 
25 the supply of air under pressure to induce 
such current, anti lever mechanism control- 
ling both the throttle valve and said current 
inducing valve as hereinafter described. 

In the accompanying drawings Figure 1 
m is a side view of one side of a locomotive en- 
gine embodying the invention; Fig. 2 is a 
side view partly broken away of the other 
side of such engine; Fig. 3 is an end view 
illustrating the valve mechanism for con- 
35 trolling the throttle and air jet valves; and 
Fig. I is a view of a modification. 

The invention as illustrated in the draw- 
ings is applied to a locomotive engine and 
will l>e descrilied in connection with the 
-<0 same. The engine has the engine truck 1, 
the main air reservoir tank 2. the high pres- 
sure engine 3. and low pressure engine 4, 
said engines being connected up with the 
driving wheels of the locomotive. The cn- 
45 gine is also provided i.Iili the auxiliary res- 
ervoir f> from which air passes through the 
pipe 7 to the valve box of the high pressure 
engine, (he main or throttle valve 8 being 
located in this pipe. The exhaust pipe !> 
50 leads from cylinder 10 of the high pressure 
engine to the interheater 11 which, as shown, 
is supported on the main tank 2 and extends 
longitudinally thereof and is provided with 
a series of pipes extending through the same 
55 to provide an extended heating surface for 


the air from the high pressure cylinder, the 
inter-heater having also the nozzle 12 by 
which a strong air draft or current of air at 
atmospheric pressure is induced through the 
pipes of the inter-heater. The pi|>e 13 leads <so 
from the inter-heater to the valve box of the 
low pressure cylinder 14. 

Air under pressure is supplied to the in- 
ducing nozzle 12 to cause n draft or current 
through the pipes of the inter-heater, such so 
air being drawn from any suitable part of 
the apparatus containing air under pressure. 

I have illustrated this having a pipe 15 
which extends from the supply pipe to the 
auxiliary reservoir 0 into the engineer’s cab 70 
close to the throttle valve lever 1C which, as 
shown in Fig. 1, has the rod 17 extending to 
the throttle valve 8 and operating the same 
through the lever 19. Thcsaid pipe 15hasthc 
air jet controlling valve 20 located close to 75 
the shaft 21 of the throttle lever 10, and the 
pipe 22 extending therefrom to the nozzle 12 
of the inter-heater and communicating with 
the air jet 23 discharging into said nozzle so 
ns to induce a draft through the inter-heater so 
and so draw the atmospheric air over the ex- 
posed surfaces thereor, such as through the 
series of pipes within the inter-heater. 

As shown in Fig. 3, the air jet controlling 
valve 20 has its valve stem 24 extending 85 
up through the valve body close to the throt- 
tle lever shaft 20, and said throttle lever 
shaft has they auxiliary arm 25 extending 
over the valve stem of said air jet valve in 
position to control the same, that is, to 90 
force the same to its seat when the throttle 
valve is closed, hut to open the same when 
the throttle valve is o)>eiied so as to ]>ennit 
passage of the air under pressure through 
the pipe 22 to the inducing nozzle 12 of the 95 
interheater and induce the current of air 
through the inter-heater and so cause the 
reheating of the air after its passage from 
the high pressure cylinder to the low pres- 
sure cylinder. 100 

In the operation of the engine the com- 
pressed air from the auxiliary reservoir <> 
upon the opening up of the throttle valve 
passes through the high pressure cylinder 
and is expanded therein and in this way its 105 
temperature is lowered much l>olow atmos- 
pheric temperature and in order to increase 
its volume by reheating it is carried through 
the interbent er and while confined therein 
is exposed to a large amount of atmospheric 110 
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nil*, flic nil* for example passing through 
tin* tiling of t ! u* interhealer and on account 
of tin* difference in temperature of l lit* re- 
frigerated nml expanded air t lie nil* nt at- 
mospheric temperature arts lo reheat the 
same ami l»rin«r it hack to projier volume, 
after which it passes through the low pres- 
sure cylinder nml is expanded therein ami 
discharged. 

The throttle lever shaft is so arranged as 
to o|>en the air jet valve in pn>i>ortion to 
the opening of the throttle valve, and it thus 
gives full control through the operation of 
the one lever to the necessary operative parts 
of tlie compressed air engine; and as only 
a small amount of air is required to induce 
the necessary air current through the in- 
terheater when the engine is running at slow 
speed, and for that purpose the main throttle 
valve is oj>en for a relatively small distance 
and the air requiring reheating in the inter- 
heater is relatively small, it is evident that 
hut a small amount of air is required to in- 
duce the current through the inter-heater. 
Full control is therefore given of the supply 
of the air to the air jet through the opera- 
tion of the ordinary throttle valve lever, and 
when more |>o\ver is needed and a greater 
amount of air required to operate the en- 
gines. in like manner the supply of air to 
tl. *. air ict is also increased while the clos- 
ing of the throttle valve cuts otf the entire 
supply to the air jet pipe, so that there is 
little or no waste of air for such purpose. 

Fig. 4 illustrates a modification of the 
invention in which the draft through the 
interheater is induced by means of a fan. 
In such cast* the fan 30 is located within 
the tubular extension 31 of the inter-heater 
32 and it is illustrated as driven by means 
of an air motor or air turbine which is 
shown diagraiumatically at 33. In order to 
o|M»rate tin* said fan and so induce the cur- 
rent through the inter-heater I employ a 
like valve 34 of the same character as the 
air jet controlling valve 20 al>ove described 
which controls the supply of air to the air 
motor 3>3 and this valve is operated in the 
sum* manner as almvc described in connec- 
tion with the said air jet controlling valve 
20. Iieing located close to the main throttle 
lever shaft 35 which has the auxiliary arm 
30 extending over the valve stem 37 of the 
valve so that by the movement of t lie main 
throttle lever the valve controlling the air 
to operate the fan is controlled in like man- 
ner and the speed of the air motor operating 
the fail is regulated according to the posi- 
tion of the throttle lever. 

The general method of o|H*rating com- 
pressed air engines in which the air at high 
pressure is carried through one cylinder and 
thereby reduced Ih*1o\v highest atmospheric 
temperature and the exhaust air pressure 
is reheated when confined by extended ex- 


j pusnre to atmospheric temperature ami thru 
i carried through a low pressure cylinder, and 
I the specific methods in which exhaust air 
| from the low pressure cylinder while still 
j under pressure is discharged to induce a 
| draft over the exposed surface of the inter- 
| heating receptacle, are set forth and claimed 
! in letters Patent X o. 953,33-1, granted to me 
March 29, 1910, upon application filed of 
even date with this application. The method 75 
of operating such compound compressed air 
engines, consisting in carrying the com- 
pressed air at high pressure through and ex- 
panding it within one cylinder and thereby 
reducing it below atmospheric tem|x*ratim\ 80 
j confining such exhaust air from said cylin- 
! der within a receptacle and inducing over 
the exposed surface of such receptacle a vio- 
lent current of air at atmospheric tempera- 
ture sufficient to scour from or prevent the 83 
formation of frost on the exposed surfaces 
of said receptacle and thereby reheating and 
increasing the volume of such exhaust air 
and its capacity to generate power, carry- 
ing the reheated air through a low pressure 00 
cylinder, is included in letters Patent No. 
953,335, dated March 29, 1910, upon appli- 
cation filed of even date with this applica- 
tion. 

In an application filed by me of even date 93 
herewith, Serial Xo. 501,610, is claimed the 
specific apparatus for producing a draft 
over the exposed surfaces of t lie interheater 
by means of a fan in a tubular extension in 
the end of the interheater and an indepentl- 100 
ent air motor driving said fan. 

What I claim is: 

1. In compound compressed air engines, 
j the combination of a high pressure engine, 

) a low pressure engine ami an inter-heater 105 
j lietwcen them, a main throttle valve, means 
! for inducing a current over the exposed sur- 
faces of the intcr-hcater, a valve controlling 
the same and a lever controlling both the 
main throttle valve and the current inducing 110 
vn 1 ve. 

2. In compound compressed air engines. 

1 the combination of a high pressure engine. 

; a low pressure engine, and an inter-heater 

i Indween them, a main throttle valve, an air 115 
! jet nozzle for inducing a current over the 
i exposed surfaces of the inter-heater, an air 
1 jet valve feeding air under pressure to said 
j nozzle, and a lever controlling both the 
throttle valve and the air jet valve. 120 

3. In compound compressed air engines, 
the combination of a high pressure engine, 
a Jow pressure engine, and an inter-heater 
l>etweon them, a throttle valve and a throttle 
lever controlling the same, means operated 

• by air under pressure for inducing a eur- 
j rent over the exposed surfaces of tin* inter- 
: heater, and a valve controlling the current 
j inducing means located dose to the throttle 

• lever and operated thereby. 
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l. Tn compound compressed air engines, 
the eniuhiiintion of a high pressure 
a low pressure engine, ami ail inter-heater 
Ik*! ween llieni, means operated l>y air umler 
pressure for inducing a cnm'iil over the ex- 
jM)se(l surfaces of the inter-heater, ami u 
valve controlling said inducing means, a 
throttle valve, and a throttle lever connected t 


to the throttle valve and having an auxiliary 
arm controlling the current inducing valve. 

In testimony wln'ivuf, I the said ('ij.wu.ks 
It. Honors have hereunto set mv haml. 

(’1IAHLKS It. jlOJNlKS. 

Witnesses: 

Koukiit C. Torre x. 
d. l-\ Wiu.. 
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To all whom it may concern: 

Bo it known that I. Ciiablks B. Houcks, ' 
a citizen of the United States, and resident 
of Pittsburgh, in the eonntv of Allegheny 
B and State of Pennsylvania, have invented a 
new and useful Improvement in Com- 
pressed-Air Engines: ami I do hereby de- 
clare the following to In* a full, clear, and 
exact description thereof. 

10 My invention relates to compressed air en- 
gines,. and more particularly to those of the 
type applied to the running of locomotives. 
Its object is to improve in certain partic- 
ulars on a previously known type of com- 
15 pressed air engines, so as to render it more 
nearly fool proof and with a more simple 
and durable construction than has hitherto 
been employed. 

In this tyj>c of engine a reducing valve is 
20 usually employed to reduce the pressure of 
the air from the main reservoir, so that it 
enters the initial cylinder at a substantially 
uniform reduced pressure. However, when 
the operation of the' engine is stopped, the 
25 reducing valve, owing to the necessary na- 
ture of its construction, does nof entirely 
interrupt the passage of air, so that the pres- 
sure of a*ir would pile up in the connection 
to the cylinder, or m the secondary reservoir 
90 interposed ahead of the same unless some 
means is employed to cut it off. The means 
employed, as descrilied Mow, is preferably 
a stop* valve interposed in the connection Jk*- 
tween the main reservoir and the mincing 
SB valve and which may be closed when the 
throttle valve is closed. As, however, it is 
desirable where more than one cylinder is 
employed to admit air in starting to the low 
pressure or secondary cylinder, I provide a 
40 by-pass around the high pressure cylinder, 
to the interheater or directly to the low- 
pressure cylinder. This by-pass is neces- 
sarily controlled by a valve. If, however, 
the use of this A'alve is abused so. that it is 
45 opened during tlie normal operation of the 
engine or locomotive, the parts are subjected 
to great strain owing to the excess pressure 
.in the low pressure cylinder, and serious in- 
jury results. 

50 The particular object of my present in- 
vention therefore is to provide an improved 
construction of mechanism by which the by- 
pass above described is automatically closed 
when the throttle valve is open to admit air 
55 to the primary or high pressure cylinder. 


The said invention contemplates, gener- 
ally stated, the combination with a high and 
a low pressure cylinder, an air reservoir and 
a connection lietween the same and the high 
pressure cylinder provided with a throttle 60 
valve and a valve or valves controlling said 
connection ahead of the same, such as the 
stop valve below described, of a hv-pass com- 
municating with said connection beyond 
such valve and abend of the throttle valve 65 
and leading to the low pressure cylinder, a 
valve controlling said by-pass, and prefer- 
ably also a manually operated valve also 
controlling the bv-pass, and mechanism such 
as a throttle lever controlling the throttle 70 
valve and arranged to directly open the by- 
pass controlling valve when the throttle 
valve is closed. The said mechanism con- 
sists preferably, with a normally closed 
valve in the by-pass, in a finger or cam car- 75 
riod by d shaft actuated by the throttle 
lever, the reservoir connection controlling 
valve stem being preferably operated by a 
cam carried by the same shaft. ■ • 

In the accompanying drawings^ Figure >,1 80 
is an end elevation of a locomotive engine 
illustrating my invention. Fig. 2 is a par- 
tial side view of the same. • Fig. 3 is a detail 
side view partly in vertical section on a 
larger scale illustrating' the operation of the 85 
by-pass controlling valve and the mechanism 
actuating the same directly. Fig. 4 is a 
detail vertical section through the stop • 
valve; and Fig. 5 is a like section through 
the by-pass controlling valve. . . 90 

In the said drawings the primary or high 
pressure engine cylinder 1 and secondary or 
low pressure engine cylinder 2 are each 
! mounted in the frame 3 of the locomotive 
shown, which is provided with suitable 95 
wheels 4 carried on the rails 5. The main 
air reservoir G is also mounted on tho frame 
3 in a suitable manner and is provided with 
an elbow 7 which leads into the stop valve 8 
and through the same and the reducing 100 
valve 9 to the connecting pipe 10 leading 
to the secondary or auxiliary reservoir 11. 

The connecting pipe 12 leads from the said 
reservoir 11 to the valve chest 13 rtf the cyl- • 
inder 1. The exhaust pipe 14 leads from 105 
the exhaust of the high pressure cylinder 1 . 
to the interheater 15; and the pipe 17 con- 
nects the interheater with the valve chest 16 
of the low pressure cylinder 2. 

The throttle lever 19, which is preferably 
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provide*! with the latch handle 10' am! seg- 
ment rack 20. is mounted on a shaft 21 jour- 
naled in the hearings 22 attached to the 
frame 3. The arm 2d is attached to the 
5 same shaft 21 ami is pivotally connected to 
the rod 21 extending longitudinally of the 
reservoir fi and pivoted to the valve stem 
arm 2d. which controls the throttle valve 2fi>. 
Tt will be noticed that the throttle valve 20 
10 is interposed in the pipe 12 just ahead of 
the valve chest 13. The by-pass 27 is tapped 
ofT from the pipe connection 10. 12 between 
the said throttle valve 20 and the reducing 
valve 0. being illustrated as joined to an 
15 elbow 27' near the reducing valve. The said 
bv-pnss 27 leads to the low pressure cylin- 
der 2. being shown as entering the pipe. 10 
connecting the same with the interheater Id. 
The bv-pass pipe 27 is provided with the 
20 spring pressure valve 28 having a stem 20 
and treadle portion 20' hv which said valve 
is opened by the port, it being so constructed 
as to remain normally closed in a manner 
well understood in the art. 

25 'I’he stop valve 8 is provided with a easing 
8' and a seat 30 for the valve head proper 
8, being illustrated as downwardly closing. 
It has the downwardly extending stem 31 
which i s provided at its lower end with a 
30 screw head 32 to which is pivoted the valve 
lever 33. The valve stem 31 has preferably 
a reduced portion 31' within the easing S'. 
The effective area of the upper pressure face 
of the valve 8, above the valve seat 30. is 
35 therefore much greater than the effective 
area of its opposite pressure face, the differ- 
ence being substantially equivalent to the 
horizontal cross-section of the portion 31' 
of the valve stem 31, when the valve is open. 
40 There is therefore, during normal opera- 
tion, a force tending to close this valve equal 
to the pressure per square inch in the reser- 
voir C. times the cross-sectional area of the 
valve stem portion 31'. When the valve is 
45 closed, however, owing to the decrease of 
pressure per square inch beyond the valve 8, 
the difference in total pressures on the op- 
posite faces of the valve 8, is greatly in- 
creased: so that a very great force is nccos- 
50 sary to raise the valve S from its seat 30. 
The said valve stem 31 is controlled through 
the lever 33 which is fnlennned to the ad- 
justable bracket head 31 secured by the 
sleeve-nut 3f> and lock-nut 35' to the bracket 
55 rod 30 illustrated ns nttnehed by the thread 
37 to the lug 38 on the valve casing 8'. 
The said lever 33 is preferably provided 
near the end of its arm 33' with the antifric- 
tion roller 31 against which the earn 30 
60 plays. The said cam 30 is fixed to the shaft 
21. as bv the screw bolt -10, and is arranged 
to raise the lever 33 at a progressively in- 
creasing rate so as to gradually open the 
valve 8, as pointed out more fully in another 
75 application of even date herewith, Serial 


No. 011.520, filed by Daniel 11. Murphy. 

The said earn and lever mechanism for oper- 
1 aling the stop valve 8 form thus no pail 
of my present invention, although T have 
! embodied the same in my improved com- 70 
lunation to he more specifically described 
and claimed. Also carried on the rod or 
shaft 21 is the trigger or finger 42. which is 
fastened to the said shaft in any desired 
I manner as by the screw holt 13, and is nr- 75 
I ranged to engage the stem 44 of the valve 
j 15. the easing 45' of which is threaded into 
! the by-pass connection 27. The said stem 44 
j and valve head proper 45 are normally held 
I in closed position by the spring 47, the 80 
i stem 4t extending downwardly preferably 
through the shilling box 48 so that the parts 
are conveniently accessible for adjustment 
or repair. 

The position of the linger 42 on the shaft 85 
21 is so adjusted that when the throttle lever 
is moved to o|>cn (he throttle valve 2fi. the 
said finger 12 is rotatably raised by the shaft 
21 so that the valve 45 is automatically 
closed by the spring 47 and the action of 90 
the compressed air. The by-pass 27 is there- 
fore automatically closed at all times when 
the throttle valve 20 is open, so that the 
operator or engineer cannot impair the 
working of the machine by admitting air 95 
from the pipe connection 10 through the b}'- 
pnss to the low pressure cylinder 2 during 
its normal operation. It is apparent, how- 
ever. assuming the machine to ho at rest 
and the throttle valve 20 closed, in which 100 
ease the stop valve 8 is also closed, that 
the engineer by opening the valve 29 can 
admit air from the pipe 10 and auxiliary 
reservoir 11 to the low pressure cylinder 2. 

The throttle valve being then opened, an 105 
extra pressure of air is obtained in the two 
cylinders to start the engine. As the valve 
stem 44 of the valve 45 is covered bv the 
finger 42. it is impossible or at least highly 
inconvenient to depress the same and open HO 
the by-pass 27 subsequently. Consequently 
during normal running the machine must 
Ik* operated in its normal fashion, all the 
air passing in succession through the two 
cylinders. 115 

What I claim is: 

1 . In compressed air engines, the combi- 
nation with an air reservoir, a high pressure 
cylinder, a connection leading from said res- 
ervoir thereto, a throttle valve in said con- 120 
neetion and another valve controlling said 
connection ahead of said throttle valve, of 

a low pressure cylinder, a by-pass leading 
from said connection between said valves to 
said low-pressure cylinder, a valve control- 125 
ling said ln*-pass, a throttle lever, and mech- 
anism directly movable thereby to simulta- 
neously open said throttle valve and close 
said controlling valve. 

2. In compressed air engines, the combi- 130 
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nn( inn with nn nir reservoir. u It i<^Ii pressure 
cylinder, a connection lending from said res- 
ervoir thereto, n throttle valve in said con- 
ned ion and another valve adapted to close 
5 said connection ahead of said throttle valve, 
of a low pressure cylinder, a by-pass lending 
from said connection I a 1 ! ween said valves to 
said cylinder, a normally operative valve 
controlling said by-pass, and mechanical 
10 means controlling said throttle valve and ar- 
ranged to directly open said last mentioned 
valve when t lie throttle valve is closed, and 
to insure its closing when the throttle valve 
isopen, substantially as described. 

15 3. In compressed air engines, the combi- 

nation with an air reservoir, a high pressure 
cylinder, a connection leading from said res- 
ervoir thereto, a throttle valve in said con- 
nection and another valve adapted to close 
20 said connection ahead of said throttle valve, 
of a low pressure cylinder, a by-pass leading 
from said connection between said valves to 
said cylinder, a manually operative valve in 
said by-pass, another valve controlling said 
25 by-pass, a throttle lever connected to said 
throttle valve, and mechanical means clos- 
ing said first aforementioned valve in said 
reservoir connection, and opening said last 
mentioned valve controlling said by-pass 
30 when said controlling lever is moved to close 
said throttle valve, and opening said by-pass 
connection when said throttle lever is oppo- 
sitely moved. 

4. In compressed air engines, the combi- 
35 nation with an air reservoir, a high pressure 
cjdinder, a connection leading from said res- 
ervoir thereto, a throttle valve in said con- 
nection and another valve adapted to close 
said connection ahead of said throttle valve, 
40 of a low pressure cylinder, a by-pass leading 
from said connection In? tween said valves to 
said cylinder, a throttle lever controlling 
said throttle valve, a shaft actuated by said 
lever and provided with a finger, and a valve 
45 controlling said by-pass and opened by said 
finger when the throttle valve is closed. 

f>. In compressed air engines, the combi- 
nation with an air reservoir, a high pressure 
cylinder, a connection leading from said res- 
50 ervoir thereto, a throttle valve in said con- 
. nection and another valve adapted to close 
said connection ahead of said throttle valve, 
of a low pressure cylinder, a by-pass leading 


from said connection between said valves to 
said cylinder, a rotary shaft, a throttle lever 55 
carried thereby and controlling said throttle 
valve, means carried thereby operating said 
first aforementioned valve, two valves ar- 
ranged in said by-pass, the first of which is 
manually operative, and a finger carried by 60 
said shaft arranged to open the second of 
which valves when the throttle valve is 
closed, and to permit its closing when the 
throttle valve is open. 

6. In compressed air engines, the combi- 65 

nation with an air reservoir, a high pressure 
cylinder, a connection leading from said res- 
ervoir thereto, a throttle valve in said con- 
nection and another valve adapted to close 
said connection ahead of said throttle valve, 70 
of a low pressure cylinder, u by-pass leading 
from said connection between said valves to 
said low pressure C3 7 linder, a valve control- 
ling said bypass, a rotary shaft, a lever 
actuating the same, and controlling said 75 
throttle valve, and means carried by said 
shaft connected to said last mentioned valve 
aiul to said first mentioned valve in said res- 
ervoir connection for controlling the same, 
substantially as described. 80 

7. In compressed air engines, the combi- 
nation with an air reservoir, a high pressure 
cylinder, a connection leading from said res- 
ervoir thereto, a throttle valve controlling 
said connection, and another valve control- 85 
ling said connection ahead of said throttle 
valve, of a low pressure cylinder, a by-pass 
leading from said connection between afore- 
said valves to said low pressure cylinder, a 
manually operative valve normally closing 90 
said by- pass, another valve controlling said 
bypass and provided \vith a spring normally 
closing the same, a rotatable shaft, a throt- 
tle lever actuating the same, means carried 

by said shaft for closing aforesaid second 95 
mentioned valve controlling said reservoir 
connection, and a finger carried by said shaft 
adapted toojHMi said second-mentioned valve 
controlling said by-pass. 

In testimony whereof, I, the said Charles 100 
B. IIolmjks have hereunto set my hand. 

CHARLES B. HODGES. 

Witnesses: 

Robert C. Totten, 

J. It. Keller. 


Copies of this patent may he obtained for five cents each, by addressing the “Commissioner of Patents. 

Washington, D. C/ # 
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Department of Energy 

How Efficient Is a Heat 
Pump? 

The efficiency of a home heating 
system is measured by the number 
of units of heat energy output 
obtained for each unit of energy 
input. Of all the conventional 
heating systems available today, 
heat pumps alone can return more 
heat than they consume. 

How can heat pumps multiply their 
energy input? In simplest terms, 
while conventional systems use 
energy to create heat, heat pumps 
use energy to transfer and intensify 
heat that is already available in the 
surrounding environment. A heat 
pump uses energy only to run the 
tan and the compressor. 

BASIC REFRIGERATION Guy R. 


in Your Backyard 

DOE/ CS-0088 
May 1979 


Heat pumps are not new; electric 
heat pumps were originally 
developed and marketed in the 
1930s. 

Even very cold air contains heat - 
"cold" simply means that some, 
but not all, of the heat has been 
removed. For example, at 0°F, air 
contains 89 percent of the heat 
available at 100°F. Heat is totally 
absent from the air only at a tem- 
perature of absolute zero, or 460° 
below 0°F. Thus, even on a cold 
day, a heat pump can extract some 
heat from the outdoor air and 
pump it into a building to maintain 
a comfortable temperature. 


King, 1951 
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However, this is of less interest than the relationship between the 
refrigeration produced and the power required. In this case this 
would be 

m =452 

11.2 4-52 

Since this is more than 1.00 or 100 percent it cannot be considered 
an efficiency. It is called the Coefficient of Performance. In this 
case there is 4.52 times as much refrigeration produced as power 
consumed. This is not a form of perpetual motion, since the heat is 
merely transfered from the evaporator to the condensing water. The 
compressor is acting in the form of a heat pump to move the heat to 
the condenser. 

The heat pump appears 
to do the impossible 

As a home heater, the heat pump seems 
to achieve the impossible: It moves heat 
uphill, in a thermal sense, from the cold 
outdoors to the warmer indoors — in the 
process, seeming to produce more energy 
than it consumes. The heat pump is as- 
suming major importance as we rely 
more on electricity for heating, and its 
use is mushrooming in the West. 

How the “impossible” works 

The key to heat pump economics: The 
device is just picking up and moving 
already existing sun-generated heat en- 
ergy present in even very cold winter 
air. This can be much less expensive than 
creating heat with electricity. Under 
ideal conditions, the coefficient of per- 
formance — the ratio of heat output to 
energy use by the heat pump — can be as 
high as three to one. 


Sunset 

November 1977 


Other Homes and Garbage 
Leckie , Ma sters , Young, 
Whitehouse, 1975 
Sierra Club Books 

As we have seen, the net effect of the heat pump is 
that energy is removed from a cooler region and 
“pumped 1 * to a warmer one. Energy does not flow 
spontaneously from lower to higher temperatures, which 
is the reason for the compressor. The key question, of 
course, is how much energy is required to run the 
compressor? This depends on the operating tempera- 
tures involved, but usually we require one unit of com- 
pressor energy for every three or four units of energy 
delivered to the living space. This implies that we receive 
two or three units of energy “free” from the outside air! 
Sounds like magic, doesn't it? 

Magic or not, these systems do work. Not only do 
they work, but the cycle can be reversed in the summer 
to cool the building! Your local General Electric or 
Westinghouse dealer can provide you literature on 
heat pumps which have been available commercially for 
nearly two decades. A typical unit is shown in Figure 
4.54a. 

Heat pumps can be combined with a simple solar 
collection system for some striking results (see Figure 
4.54b). The synergistic effects can be explained in terms 
of the heat pump’s coefficient of performance (COP for 
short). The COP is defined in the following way: 


E. 4.36 COP = 


Heat to Living Space 
Energy Input to Compressor 


In other words, the COP is the ratio of what you get out 
to what you put in. 



Operating Experience With An srs&irL 
Experimental Heat Pump System 


Richard La Rosa 

The heat pump is theoretically 
capable of a C.O.P. given by the for- 
mula 


COP. = 

T, - T, 

where J 2 is the absolute temperature 
of the refrigerant in the condenser, and 
T, is the absolute temperature of the 
refrigerant in the evaporator. (Add 460 
to the Fahrenheit temperature to get 
absolute temperature.) For room 
heating from 50°F water, T ? might be 
90 + 460 and T, might be 30 + 460. 


The C.O.P would be 550/60 = 9.2. We 
allowed for a 20 degree differential 
between the water and the refrigerant 
in the evaporator heat exchanger, and 
a 20 degree differential between the 
refrigerant and the room air in the con- 
denser heat exchanger. 

To achieve the C.O.P. of 9.2 we 
would have to devise a machine that 
would push a suitable refrigerant fluid 
through a reverse Carnot cycle. This is 
beyond the capability of a home ex- 
perimenter. Ordinary refrigeration com- 
pressors cannot follow the Carnot cy- 
cle. 


FORBES, MARCH 20, 1978 

Follow-through 

Pump Gets Hot more tfran three times the {975 total. 

' 'A year ago William L Sammons, head And that is the low end of the projection, 

of Carrier Corp ’s consumer products di- according to . General -Electric; which 

vision, told Forces (Mdr: 15, 1977 ) how ranks first in heat pumps, followed by 

his company planned to lessen its d^pn- Carrier, Lennox, WestinghousC and 

dence on the fiercely competitij^fir- ftheem. Don Lynch, the senior vice 

conditioning business (where it is naum- .president who heads op the CE air* 

" conditioning and business division in 
Louisville, Ky., flunks the 750,000 fig- 
ure is conservative. Heat-pump sales, he 
says, could well reach 1 million in 1980 - 
Why is the heat pump /catching on 
after all these years? Speaking in fos 
corporate role; Sammons credits-his "in- 
creasingly knowledgeable" dealers and 
"increasingly sophisticated" consumers. 

Putting it in more down-to-earth 
terms, the Carrier executive says: “It’s 
the daily headlines in newspapers and 
magazines which s$y that energy is- a 
problem This is bound to sink in." - 

What Counterattack? 

Detroit was counterattacking the 
waves of invading Japanese automobiles, 
Forbes reported last summer {July 15, 
1977); by concentrating on the small 
fuel-saving models that customers 
seemed to want — and which Washing- 
ton’s energy planners had decreed. U.S. 
automakers, Forbes concluded/ would 
“within *a period at two years check' the 
foreign invasion but never completely 
turn it back." 

That two-year deadline has a way to 
go, but so for Detroit’s battle plan 
profet. Carrier was putting its money on doesn’t seem to be working/ Auto sales 
the heat pump, a gadget that pulls heat figures for January demonstrated that 
from the air into a building, or. pumps (and February's are expected to confirm 
heat out of a structure to cool it. The it). While mighty Genera) Motors' sales 
pumps weren’t new but had never quite slipped 12% in January, Japanese un- 
matched the rosy promises erf their early ports climbed 26%, the eleventh month- 
promoters The Arab oil embargo had. Fy increase in a row. Only Ford Motor 
propelled Carrier into art all-out effort to Co. showed an increase over January 
sell- the pumps^primariiy because the 1977, a 1% improvement. With Toyota, 
Syracuse, N.\\ manufacturer was con- Honda and Datsun leading the charge, 
yinced that the electrically driven de- January, imports added up to 141,000 
vices were almost 300% more efficient in cars, or almost 21% of the U.S. market, 
using pov^er for heating. exactly where they stood last summer. 

Sammons’ prophecies have been ful- Those numbers immediately sparked 
filled — and then some. Last March he news stories repeating Henry Ford II’s 
and his competitors were anticipating ofihand remark last year thaj Detroit 
sales of about 360,000 units for 1977. would drive *he foreigners into the sea 
Heat-pump sales last year topped (without noting, however, that Ford had 
450,000, and were dose to 500,000 if prudently set no timetable), 
exports are included. Is Detroit in serious trouble? 

The -future l oo k * j ust as promising A hint to the really big wheels in the 
year ago heat-pump sales Jor 1980 were Motor City.. Last month -GM Chairman 
projected at 575,000, worth about $1.7 Thomas’ A. Murphy stuck resolutely to 
foiQion, more than double the figure for his 1977 forecast of 11.75 million car 
1976. The 1980 sales projection for the sales for the current year, though he did 
industry now stands at 750,000 (about concede that his figure was about an 
40,000 for commercial heating, the rest octave higher than virtually everyone 
for homes) £y Sammons’ reckoning that else’s. (Ford, for example, is saying 11.1 
would add up to about $2.3 billion, or ' million } Mqrphy put most of 'the blame 
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ARE SOLAR 
HEAT PUMPS THE 

FUTURE IN 
HOME HEAT? 


By Philip L. Harrison 


I N AN AGE where the price of 
energy seems to be going 
through every roof, it > s little wonder 
that homeowners are seeking 
cheaper ways to keep the home 
warm. It's little wonder, too, that 
the heat pump business is getting 
hotter all the time. Heat pumps, be- 
cause of their high efficiency over, 
say, electrical resistance heating, 
can offer an average saving of 45 
percent, depending on where you 
make your abode. 

Solar heating, too, is tempting, 
but technology has not made it a 
practical proposition for much of the 
country. Until now, that is. 

Now the race is underway to 
team the heat pump with solar col- 
lectors. The combination could just 
possibly develop into one of the 
most efficient home heating systems 
ever. 

A top-of-the-line standard heat 
pump might have an average COP 
rating of 2.5, which means that for 
every BTU of electrical energy go- 
ing into the unit, you get 2.5 BTUs 


of heat out. 

But there are efficiency problems. 
As the outside temperature falls, 
the COP of the heat pump also falls. 
This is because the evaporator’s 
temperature must always be colder 
than the outside air. In other words, 
just when you need it most, the 
heat pump starts costing more to 
operate. That’s where the solar con- 
nection comes in. 

The system that is sure to shake 
up the market a bit is Fedders’ Car- 
not II Solar Compression Furnace . 
Named for French physicist Nicolas 
Leonard Sadi Carnot, the Carnot II 
replaces the heat pump’s usual re- 
ciprocating compressor with a rota- 
ry one. The result is an impressive 
drop in compressor electrical en- 
ergy consumption. 

Solar-heated water in the system 
is pumped from a storage tank into 
Carnot II, where it enters a coaxial 
counterflow evaporator. In this 
evaporator, warm water flows in 
one direction through an inner tube 
while cold Freon vapor circulates 
through the outer tube in the oppo- 


site direction. 

Heat is transferred to the Freon, 
which is then drawn into the rotary 
compressor and pressurized. The 
temperature is raised to £$' much as 
175°F. In the condenser, which also 
has a coaxial counterflow design, 
the Freon sheds the heat into a 
closed water circuit serving a fan- 
forced hydronic heating coil. The 
resulting warm air is then ducted to 
the house. 

High-cost, high-efficiency solar 
collectors are not required and, in 
some areas of the country, could 
prove to be a detriment with the 
Carnot II. 

Fedders will sell the Carnot II 
with or without collectors, so if you 
already have water collectors on 
your roof, the Carnot II can be ret- 
rofitted to them. 

What does all this mean in terms 
of efficiency? An optimum COP of 
12, with an average of around 7. 
You read it right. For every BTU 
in, you get seven out. 

Installations placed in the chilly 
town of Caribou, Maine, on the Ca- 
nadian border, rated an average 
COP of 5.56, which is more than 
double the average COP of the best 
standard heat pumps currently 
available. Albuquerque installations 
averaged 9.2 and those in Kansas 
City, 8.8. 


Heat Pumps: 

Off and Running . . 
Again 

Leon R. Glicksman 

Technology Review, June/July. 1978 


Heat pumps appear to defy the law of energy 
conservation by producing thermal output two to three 
times greater than their mechanical input. But public 
unfamiliarity and the poor performance of some early 
models hamper their acceptance. 

Fully half of the energy used in the residential and com- 
mercial sectors of the U.S. economy goes for space heat- 
ing: one-sixth of total U.S. energy use, and one-fourth of 
our total oil and natural gas consumption. The sheer size 
of this energy demand establishes residential and com- 
mercial space heating as a fertile field for new or im- 
proved technologies that may increase the efficiency of 
energy use. The inefficiency of current space conditioning 
apparatus adds incentive to the effort. 



How Heat Pumps Work 

Heat pumps appear to contradict the principle of energy 
conservation by providing two or more units of thermal 
energy’ while using only one unit of electrical energy'. The 
use of heat pumps has been held back in no small measure 
by skepticism about their performance in apparently defy- 
ing this scientific principle. 

The Coefficient of Performance 

The most remarkable property of the heat pump is prob- 
ably the efficiency with which it uses electricity to achieve 
the transfer of thermal energy from one volume of air to 
another. If we call the absolute value of the heat rejected 
by the refrigerant in the condenser Q c , the heat absorbed 
by the refrigerant in the evaporator Q E , and the electrical 
energy or work needed for compression W, then a simple 
energy balance between the energy received and given up 
by a heat pump during one cycle is: 

Qc = Qe + W. 

The heat transferred to or from the room air by a heat 
pump is the useful output of the device, and is always 
greater than the input of electrical energy W. 

A measure of heat pump efficiency can be provided by 
forming a ratio pf the amount of heat rejected by the con- 
denser to the quantity of electrical energy consumed to 
power the heat pump. This ratio, called the coefficient of 
performance, or COP, is defined as: 

cop = Q c /W. 

The cop depends on the minimum and maximum refrig- 
erant temperatures experienced in the cycle, w'here T lou 
and T hiBh are, respectively, these two temperatures ex- 
pressed in degrees Kelvin or Rankine. The theoretical 
upper limit of the cop can be expressed as 

CC>P|jm ( 1 flow^hinh) 

The actual efficiency of a heat pump is dependent on 
the climate in which the heat pump is operated. A given 
heat pump will perform quite differently, for example, in 
Boston and in Tallahassee. This is because the tempera- 
ture and pressure of the refrigerant in the heat pump 
evaporator decrease as the ambient temperature is re- 
duced. The pressure difference between the refrigerant in 
the evaporator and condenser therefore increases, neces- 
sitating additional work to compress the vapor. Increas- 
ing work VC brings about a decrease in overall COP — and 
a bigger electricity bill. 

W = 

compressor 

work 



Heat pumps with average cops of 3.0 or greater wit! use less 
energy overall than fossil fuel furnaces. Today’s units come close 
to this efficiency under some conditions. 


COP = 

heat delivered/ 
electrical energy 
consumed 
(dimensionless) 
20 
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Under certain conditions a heat pump can put out more thermal 
energy (Q t ) than it consumes in electrical energy (W). But the law 
of energy conservation has not been even remotely challenged — 
additional input of thermal energy via the evaporator accounts for 
the difference (Q t ). 


Q c = W + Q e 



Evaporator 


*q e = 

heat absorbed 
by refrigerant 



HEAT ENGINES 

Heat Pump Cycles and Refrigeration 


John F # Sanrtfort 
Doubleday 1962 
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We have seen that when a reversible process or 
cycle is operated in reverse order, all external ef- 
fects are likewise reversed. Thus, if the Carnot en- 
gine shown in Fig. 25 is reversed, heat will flow 
from the low-temperature reservoir and into the 
high-temperature reservoir, while work is supplied 
to the engine. But this reversed heat engine is in 
effect a heat pump, a machine capable of ‘'pump- 
ing” heat from a cold region to a hot region. De- 
pending on how we applied such a machine, we 
could produce a refrigeration effect or a heating 
effect. 

Lord Kelvin saw the fundamental similarity of 
heat engines and heat pumps insofar as they are 
both thermodynamic machines, and wrote the pa- 
per in 1852 entitled, “On the Economy of the 
Heating or Cooling of Buildings by means of 
Currents of Air.” 8 In this paper Kelvin wrote 
more like an engineer than a physicist in that he 
presented the design details of a heat pump. By 
alternately compressing, cooling, and expanding 
air in a dual cylinder and piston apparatus, the 
apparatus could produce either a refrigeration or 
heating effect. But let us read how Kelvin himself 
explained it. 

In the mathematical investigation communicated 
with this paper, it is shown in the first place, ac- 
cording to the general principles of the dynamical 
theory of heat, that any substance may be heated 
thirty degrees above the atmospheric temperature 
by means of a properly contrived machine, driven 
by an agent (work) spending not more than % 5 
of energy of the heat thus communicated; and 
that a corresponding machine, or the same ma- 
chine worked backwards, may be employed to 
produce cooling effects, requiring about the same 
expenditure of energy in working it to cool the 
same substance through a similar range of tem- 
perature. When a body is heated by such means, 
about 8 y 3 5 of the heat is drawn from surround- 
ing objects and % 5 is created by the action of 
the agent (work); and when a body is cooled by 
the corresponding process, the whole heat ab- 
stracted from it, together with a quantity created 
by the agent (work), equal to about % 5 of this 
amount, is given out to the surrounding objects. 

A very good steam engine converts about y 10 
of the heat generated in its furnace into mechani- 
cal effect; and consequently, if employed to work 
a machine of the kind described, might raise a 
substance thirty degrees above the atmospheric 
temperature by the expenditure of only *% 5 or 
that is less than 16 of the coal that would be 
required to produce the same elevation of tem- 
perature with perfect economy in a direct process. 

If a water-wheel were employed, it would produce 
by means of the proposed machine the stated 

8 Glasgow Philosophical Society Proceedings , Vol. 3, 
December 1852. 


elevation of temperature, with the expenditure of 
% 5 of the work, which it would have to spend to 
produce the same heating effect by friction. 

The machine by which such effects are to be pro- 
duced must have the properties of a perfect ther- 
modynamic engine, and in practice would be either 
like a steam engine, founded on the evaporation 
and re-condensation of a liquid (perhaps some liq- 
uid of which boiling point is lower than that of 
water), or an air engine of some kind. 

Kelvin went on to calculate specific design data 
for an air heat pump in which air could be either 
heated from 50°F. to 80°F. or cooled from 80°F. 
to 50°F. Again in his own words: 

If it be required to heat the air from 50 °F. to 
80 °F., the ratio of expansion to the whole stroke 
in the egress cylinder would be 1 % 0 o* the P res ' 
sure of the air in the receiver would be 8 %oo 
of that of the atmosphere (about 2.7 lbs on the 
square inch below the atmospheric pressure), and 
the ratio of compression to the whole stroke in 
the egress cylinder would be 1 % 00 . If 1 lb of 
air (or about 15% cu ft at the stated tempera- 
ture of 80°, and the mean atmospheric pressure) 
be delivered per second, the motive power re- 
quired for working the machine would be .283 of 
the horsepower, were the action perfect, with no 
loss of effect, by friction, by loss of expansive 
power due to cooling in the egress cylinder, or 
otherwise. If each cylinder be four feet in stroke, 
and 26.3 inches diameter, the pistons would have 
to be worked at 30 double strokes per minute. 

Kelvin’s calculations showed that when this ma- 
chine was operated as an air conditioner, in which 
15%2 cu ft of air per second were cooled from 
80°F. to 50°F., 24.6 double strokes per minute 
would be required with a consumption of .288 
horsepower. 

Kelvin’s paper may have been inspired by a de- 
sire to do something to control the temperature of 
the air in the British government buildings in 
India, which were insufferable to Englishmen not 
accustomed to the climate. As far as we know, 
his thermodynamic heating and cooling machine 
was never built, but we do know that it would 
have worked. Kelvin’s device was most remark- 
able on two counts. First, it anticipated our pres- 
ent air conditioning and heat pump industry by 
nearly 100 years, and, secondly, it showed the 
power of the newly emerging science of thermody- 
namics to predict the performance of a reversed 
heat engine in an entirely new application, without 
building the machine and then modifying it after 
blind groping in trial-and-error procedures. 



HEAT ENGINES 


CYCLES AND EFFICIENCY 

We have already seen how Lord Kelvin hit on 
the idea of operating a heat engine in reverse and 
thus using it as a heat pump. We might assume 
logically that the maximum theoretical perform- 
ance of such a machine could also be expressed 
as a function of temperature, similar to our calcu- 
lation of maximum heat engine efficiency. Let us 
see how this can be done. 

If the Carnot heat engine is reversed, the heat 
and work quantities simply reverse their direction, 
and the cycle traced on the TS diagram now 
moves in an opposite or counterclockwise direc- 
tion, Fig. 35. Now work must be put into the heat 
pump, with the result that heat Q h will be 
“pumped” from the low-temperature reservoir, 
and heat Q H will be transferred into the high- 
temperature reservoir. If the effect we are trying 
to achieve is that of refrigerating an area below 
the temperature of its surroundings, as in a kitchen 
refrigerator, a cold-storage locker or a room air 
conditioner, we call the reversed heat engine a 
refrigeration unit or compressor. In this case the 
refrigeration effect is represented by the cross- 
hatched area Q L} and the work required to pro- 
duce this effect is shown by the crosshatched area 
W, Fig. 35a. 

On the other hand, the effect we want may be 
that of using the reversed heat engine as a heating 
machine. In this case we commonly call the re- 
versed heat engine simply a heat pump, although, 
in the context of thermodynamics, a heat pump 
should include any reversed heat engine. The 
heating effect Q H , now desired, is represented by 
the total area under path 1-2, and this includes 
both crosshatched areas in Fig. 35a. The work re- 
quired remains the same, area W. 
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Fig. 35. Carnot heat pump cycle on a T-S diagram 


In the operation of heat engines, we are striving 
to convert heat energy into work, and the degree 
to which we are successful in doing this we express 
as thermal efficiency. With refrigeration units and 
heat pumps, however, we are not striving for a 
maximum conversion of energy from one form to 


another. Instead, we are trying only to pump 
a maximum amount of heat with a minimum 
amount of work, and the ratio of the effect de- 
sired to the work required to produce this effect 
is designated as coefficient of performance (C.P.). 
Thus, for a refrigeration unit, 

CJ>. Ret = % = y~t l (Fig - 35a) 
and for a heat pump, 


C.P. B P 



t b 

T s -T l 


As an example, suppose we wish to determine 
the smallest amount of work that would be neces- 
sary to operate a deep-freeze unit at 0°F. (460°F. 
abs.) in a room at 75 °F. (535 °F. abs.). We can 
quickly calculate the coefficient of performance: 


C.P .R e f 



6.13 


This equation says that for every unit of work 
energy we put into the compressor, we can in 
theory pump 6.13 equivalent units of heat energy 
out of the deep freeze. 

As another example, suppose we wish to heat 
our house at 75 °F. with a heat pump using the 
outside air at 0°F. as the heat source. Again cal- 
culating the coefficient of performance, we have: 


CP — Tjs — 535 — 7 13 

C ^ HP ~ T^Tl ” 75 ” 7 ‘ 13 

In words, the theoretical heating effect we can 
get out of this heat pump is 7.13 times the equiva- 
lent units of electrical energy we supply to it to 
operate the compressor motor. This does not 
mean, of course, that we are creating energy, but 
we are in a sense getting something for nothing. 
To explain, suppose we had 5 kilowatts of elec- 
tricity available to heat a room. We could use it 
directly in an electric heater and produce 5 X 
3413 or 17,065 Btu per hour. 2 On the other 
hand, we could use these 5 kilowatts to operate 
a heat pump motor, and in this case it would be 
theoretically possible to get 7.13 X 17,065 or 
about 121,500 Btu per hour heating effect. The 
gain in Btu might be the difference between heat- 
ing a single room or an entire house. In this case 
the energy pumped from the outside air at 0°F. 
would be free for the taking, but the total energy 
balance would still be conserved. This can be 
seen by referring to Fig. 35b. The heating effect 
Q h would equal 121,500 Btu per hour, which 
would be 7.13 times as great as the electrical 
work input W, but the difference between Q s 
and W would exactly equal the heat Q L drawn 
from the 0°F. reservoir. 

Remember, though, that these figures represent 
the maximum conceivable performance of a per- 
fect heat pump, in which there is no irreversi- 


2 One kw. = 3413 Btu per hour. 




bility or net entropy increase, a condition that 
cannot be reached in practice. Actual heat pumps 
operate at lower coefficients of performance, just 
as actual heat engines operate at thermal efficien- 
cies below the Carnot value. 

The Vapor Compression Cycle 

We have seen that both heat engines and heat 
pumps 5 developed historically in a similar pat- 
tern. Crude machines were built by ingenious men 
long before the fundamental processes were un- 
derstood or adequate theories worked out. Even 
the machinery components were similar in many 
respects. Both employed cylinders with reciprocat- 
ing pistons, both circulated thermodynamic fluids 
such as steam, air, or some special refrigerant, and 
both required heat transfer equipment ,such as 
boilers, condensers, evaporators, and cooling coils. 

Then, in the middle of the 19 th century, the 
theoretical foundations were laid for understand- 
ing the conditions under which heat could be con- 
verted into work and mechanical refrigeration 
could be produced. Long-standing mysteries were 
suddenly clarified, and it was discovered that heat 
engines and heat pumps were essentially the same 
thing. 

Prior to this time two general types of heat 
pumps had been built in very limited numbers and 
in a very crude form. One type used air as the 
thermodynamic medium while the other type used 
a volatile liquid such as ether. Air cycle heat 
pumps had one obvious advantage— the refrigerant 
used was absolutely safe. Obviously, air is non- 
toxic and non-flammable, and safety was of para- 
mount importance in some types of applications. 
But thermodynamics later showed that there were 
some theoretical objections to the air cycle heat 
pump. Let us see now what these were. 

In Fig. 35 we saw how a process of the perfect 
reversible Carnot heat pump could be represented 
as a rectangular cycle on a T-S diagram. First, 
heat is taken from a cold reservoir at constant 
temperature (isothermal process), then the gas or 
vapor is compressed reversibly and adiabatically 
(isentropic process) to a higher temperature, next 
heat is transferred to the high-temperature reser- 
voir, again at constant temperature, and finally the 
cycle is completed by expanding the thermody- 
namic fluid reversibly and adiabatically back to its 
starting point. This, then, is how a perfect heat 
pump can operate, one that will have the maxi- 
mum conceivable coefficient of performance. Note 
that there is no limiting condition in the analysis 
of the Carnot cycle that specifies the type of fluid 
that must be used. The only condition is that the 
cycle must be reversible and must consist of two 
isothermal and two isentropic processes. Thus, 

6 Heat pumps may be called refrigerators, refrigeration 
machines or compressors, condensing units, air condi- 
tioners, room coolers, or heat pumps, depending on the 
application. Actually, they are all heat pumps in a 
thermodynamic sense. 


either a gas, such as air, or some condensable 
vapor, such as ether or ammonia, could be used. 

In designing an actual refrigeration machine, 
however, we are faced with the problem of pro- 
ducing a practical machine. Just as in the case of 
heat engines, engineers have concluded through 
long experience that the most suitable way to 
build a heat pump for practical applications is as 
a steady-flow device, in which each process of the 
cycle is performed in a separate piece of equip- 
ment. Thus if air were used as the refrigerant, a 
logical arrangement of equipment would be as 
shown in Fig. 41a. Air could be expanded isen- 
tropically through an expansion turbine to some 
lower pressure and temperature, process 1-2. This 
cold air would then pick up heat (refrigeration 
effect) by flowing through a coil at constant pres- 
sure, process 2-3. Next the air would be com- 
pressed isentropically in a turbocompressor to 
some higher temperature, process 3-4, and finally 
heat would be removed from the cycle by passing 
the air through another heat exchanger at constant 
pressure, process 4-1. 

This is certainly a practical cycle, one in which 
the component parts could be arranged in a suit- 
able form for convenient use. Heat exchangers 
and turbocompressors can be designed and manu- 
factured without difficulty, and the expansion 
turbine could help drive the turbocompressor if 
placed on the same shaft as shown. 

But how does this compare with the ideal 
Carnot heat pump? The comparison can best be 
shown by drawing the cycle on a T-S diagram, 

ShaFt work 


from outside source 



Fig. 41. Air compression refrigeration cycle 


Fig. 41b. Both the expansion process, path 1-2, 
and the compression process, path 3^4, can closely 
approach the reversible adiabatic (constant en- 
tropy) path. In other words, there is no theoreti- 
cal reason that these processes cannot be isen- 
tropic, as in the Carnot cycle. However, when heat 
is added to air at constant pressure, the tempera- 
ture rises rather sharply. Likewise, when heat is 
removed, the temperature drops. Therefore, our 
constant pressure processes 2-3 and 4-1 are not 
isothermal and depart from the ideal Carnot cycle. 
This, then, must be a compromise between the 
theoretical advantage of transferring heat isother- 
mally, and the practical simplicity of using a heat 





exchanger where the air flows through at constant 
pressure. 

But exactly what is the theoretical thermody- 
namic objection to using the constant pressure 
rather than the constant temperature processes? 
We can explain it this way. The air at state (2) 
must be considerably colder than the refrigerated 
area that we are serving, while the air at state 
(4) must be considerably hotter than the cooling 
water or other reservoir to which we are rejecting 
heat. This results in thermal irreversibility and a 
resulting loss in coefficient of performance. This 
loss can be clearly shown by referring to the T-S 
diagram, Fig. 41b. The refrigeration effect is repre- 
sented by the crosshatched area under path 2-3, 
while the net work required is shown by the area 
enclosed by the cycle 1-2-3-4-1. But a Carnot 
cycle would be represented by the dotted rectan- 
gle l-2'-3-4'-l, and we can see at a glance that 
not only would the required work be reduced by 
the two triangular-shaped areas, but the refrigera- 
tion effect would also be increased by the amount 
of the triangular-shaped figure 2-3-2'. 

It was this theoretical limitation, together with 
some other objections, that accounted for the 
gradual elimination of the air compression cycle 
as a serious competitor to the vapor compression 
cycle many years ago. Let us now see how the 
vapor cycle of Jacob Perkins ultimately proved to 
be superior. 

From a thermodynamic viewpoint there are 
two reasons why it is advantageous to use readily 
condensable vapors as refrigerants. One reason is 
that these vapors, just like water, change phase 0 
at constant temperature while heat is added to the 
saturated liquid at constant pressure, or while heat 
is removed from the saturated vapor at constant 
pressure. We can duplicate the isothermal proc- 
esses of the Carnot cycle while condensing a vapor 
or boiling a liquid in conventional, steady-flow, 
constant-pressure heat exchangers. Another rea- 
son is that a liquid at high pressure, unlike air, 
will drop sharply in temperature when throttled 
to some lower pressure. We can eliminate the ex- 
pander turbine, which was a necessary and rather 
expensive component of the air cycle. In its place 
we can now substitute an inexpensive throttle 
valve or expansion valve, as it is called in the 
trade. 

A simple flow diagram for the vapor compres- 
sion cycle is shown in Fig. 42a. And its corre- 
sponding cycle on a 7-5 diagram is shown in Fig. 
42b. Its sequence of operation is described as 
follows: 

A saturated liquid is first throttled from the 
high-condenser pressure and temperature to the 
lower evaporator temperature and pressure as 
shown by process 1-2. Note that this is a com- 
pletely irreversible adiabatic process, and so the 

e This is a term used to describe the change of a saturated 
liquid to a saturated vapor or vice versa. 


exact path cannot be shown on a 1-5 diagram. 
That is why a dotted line connects states ( 1 ) and 

(2) in Fig. 42b. The entropy has increased as 
shown, but the area under the dotted line has no 
significance. Note too that the refrigerant has 
changed from a saturated liquid at state ( 1 ) to a 
mixture at state (2), since a part of the liquid 
has flashed into a vapor as the temperature 
dropped. 

After leaving the expansion valve, the mixture 
is piped to an evaporator, where the remaining 
liquid boils at constant low temperature and pres- 
sure 7 until becoming a saturated vapor at state 

(3) . This process produces the refrigeration ef- 
fect shown by the crosshatched area in Fig. 42b. 
The saturated vapor is then drawn into a com- 
pressor, where it is compressed isentropically 
along path 3-4. During this process the vapor is 
superheated, and when it enters the condenser at 
state (4), it first must be desuperheated until it 
again becomes a saturated vapor and then is con- 
densed the rest of the way at constant temperature 
as shown by path 4-1. 



Fig. 42. Vapor compression refrigeration cycle 


The entire area under path 4—1 represents heat 
rejected from the cycle, and therefore the differ- 
ence between this area and the crosshatched area 
representing refrigeration effect, represents the 
work required. We can see from an examination 
of the T-S diagram that this area is still somewhat 
greater than a corresponding Carnot rectangle 
would be, but the theoretical advantage over air 
should be apparent. The coefficient of performance 
theoretically possible with the vapor compression 
cycle depends on a number of factors, such as the 
type of refrigerant used, the amount of superheat- 
ing that occurs, and the various ways that this 
elementary cycle can be modified. How successful 
it has been is evidenced by the fact that today it 
clearly dominates all the other forms of refrigera- 
tion combined. 

One of the reasons for this domination was the 
success in finding better refrigerants. With the 
rapid expansion of the vapor compression re- 
frigeration industry, much research effort was di- 
rected toward this end. Ether was highly inflamma- 
ble; carbon dioxide required extremely high 
condensing pressures; ammonia was widely used 

7 For example, liquid ammonia boils at -28 °F. when at 
atmospheric pressure, and ammonia vapor condenses at 
80 °F. when at 153 lbs per sq in. absolute. 





for many years and had many favorable ther- 
modynamic characteristics but was highly toxic 
and also inflammable under certain conditions; 
sulfur dioxide was used to some extent, but it was 
toxic and highly corrosive in the presence of 
moisture. 

It was not until 1930 that Dr. Thomas Midgley 
announced to the scientific world the discovery of 
a group of chemical compounds called halogen- 
ated hydrocarbons, 8 which not only had the nec- 
essary thermodynamic and chemical properties to 
make them desirable refrigerants, but also were 
non-toxic and non-flammable. This development 
gave the refrigeration and air conditioning indus- 

8 More popularly known under the trade names of 
Freon, Genetron, etc. 


tries a tremendous boost as it permitted the use 
of vapor compression equipment in homes and 
public buildings, with perfect safety. Because these 
refrigerants are so safe, they have found wide use 
in the so-called “aerosol bombs” which are now 
used to dispense hundreds of products, from in- 
secticides to tooth paste. 

So much for our brief study of the thermody- 
namic foundation of heat engines and heat pumps. 
But before we close our story let us see what 
progress has been made in heat engine develop- 
ment during the past century, and after the period 
of Carnot, Kelvin, and Clausius. What has the 
development been in areas other than steam and 
what is the outlook for the years to come? 


Loss off Ozone Could Doom 
World Soon, Scientists Say 


Washington 

A dramatic loss of ozone over Antarctica 
proves the greenhouse effect is real and pres- 
ages a gradual warming of the Earth that 
threatens floods, drought, human misery in a 
few years and — if not checked — eventual 
extinction of the human species, scientists 
warned yesterday. 

“I believe global wanning is inevitable; it’s only 
a question of magnitude and time,” Robert Watson 
told the Senate Environment Subcommittee on En- 
vironmental Pollution. 

"We can expect significant changes in climate 
in the next few decades,” said Watson, predicting 
that if nothing is done to slow ozone-depleting air 
pollution, temperatures around the world could rise 
as much as 10 degrees. 


Watson is director of the upper atmospheric 
program for the National Aeronautics and Space 
Administration. 

James Hansen, director of NASA’s Goddard 
Institute for Space Studies, said that global temper- 
atures should be nearly two degrees higher in 20 
years, "which is about the warmest the Earth has 
been in the last 100,000 years." 

Sherwood Rowland, a University of California 
chemistry professor, said, “If you have the green- 
house effect going on indefinitely, then you have a 
temperature rise that will extinct human life” in 500 
to 1000 years. 

The warnings came as the subcommittee 
opened two days of hearings on the greenhouse 
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effect — a long-forecast conse- 
quence of man’s pumping into the 
atmosphere such chemicals as chlo- 
rofluorocarbons, carbon dioxide, 
methane and nitrous oxide. 

Scientists say that by accumu- 
lating in the atmosphere and de- 
stroying the vital ozone layer, these 
and other substances trap heat in 
the atmosphere, producing 
droughts in some places and caus- 
ing coastal areas to be inundated by 
oceans swollen by melting polar 
and glacial ice. 

■ For humans, they predict in- 
creases in skin cancer as the Earth’s 
surface is bombarded by increasing- 


ly .greater amounts of ultraviolet 
rays that are normally screened to 
relatively safe levels by the ozone 
belt. 

The pace of atmospheric de- 
struction is increasing steadily and 
rapidly, said Rowland, who in 1974 
published pioneering research on 
chlorofluocarbons — gases used as 
refrigerants and aerosol-can propel- 
lants. 

This led the United States to 
ban their use in spray cans, but it 
continues elsewhere. 

“There is now compelling ob- 
servational evidence that the chem- 
ical composition of the atmosphere 




60 is changing at a rapid rate on a 
global scale,” Watson said. 

The scientists, calling for curbs 
on air pollution, said a recently com- 
pleted five-year study in Antarctica 
provides an ominous signal to the 
world. They said that during that 
period, there was an ozone loss over 
the South Pole of from 30 percent to 
50 percent. 

Rowland said the 1 finding 
proved “the remarkable corelation 
between this depletion in the Ant- 
arctic ozone and the rapid growth 
iiilthe atmospheric concentrations 
of- chlorofluoromethanes, and the 
connection is inescapable.” 

"We now have a hole in the 
ozone layer which will last for a 
century or more, even if the entire 
world were to stop further emis- 
sions of chlorofluorocarbons today 
— which is of course impossible,” 
Rowland said. 


He said that with an expected 
doubling of atmospheric carbon di- 
oxide by 2040, the number of days 
each year with temperatures over 
80 degrees would rise from 35 to 85 
in Washington, D.C., and Omah^, 
Neb. 

Stephen Leatherman of the 
University of Maryland said that 
during the last 100 years the sea 
level has risen about one foot, with 
about half the increase attributed to 
global climate warming. 


A one-foot rise, he said, general- 
ly will produce 100 feet of shoreline 
erosion on the Atlantic and Gulf 
coasts. ‘‘Within the next 40 to 50 
years, sea level will probably have 
risen by a foot, resulting in major 
impacts to coastal environments,” 
he said. 

Under this projection, the re- 
sort town of Ocean City, Md., will 
lose 39 feet of shoreline by 2000 and 
a total of 85 feet within the next 25 
years, according to Leatherman. 
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The “hole” Rowland referred 
to is not literally present year- 
round, but appears every October. 

Watson said scientists have cal- 
culated that if no action is taken to 
curb chemical emissions, “the 
greenhouse warming predicted to 
occur during the next 50 years 
should be about twice that which 
has occurred during the previous 
130 years.” 

Hansen said the average U.S. 
temperature has risen from one to 
two degrees since 1958 and is pre- 
dicted to increase an additional 
three or four degrees between 2010 
and 2020. 


Omni 

May 1937 


OZONE- 

FRIENDLY 

REFRIGERATOR 

A New Jersey manufacturer 
of Space Age refrigeration 
equipment has borrowed 
from nineteenth-century 
technology to make a small 
refrigerator (motor shown 
at right) that runs on inert 
helium or nitrogen instead of 
Freon, and uses 50 percent 
less energy than conventional 
refrigerators do. 

The chlorofluorocarbons 
produced by most home 
refrigerators are blamed 
for depleting the earth’s 
protective ozone layer. 

Not so with the equipment 
made by Cryodynamics, Inc., 
claims Stephen F Malaker, 
the company president. 

His refrigerator has a 


capacity of 5.3 to 7 cubic 
feet, compared with the 18 to 
21 cubic feet of the average 
American refrigerator today 
“We’re working with the 
Chinese government to make 
nine million of them a year 
by 1990. They'd be perfect 
there. Chinese apartments are 
very small,” says Malaker, 
whose machines will sell for 
about $200— a princely sum, 
considering the average 
worker in Shanghai makes 
orriy about $27 a week. 

The Cryodynamics models 
could hit the American market 
in late 1988 and will seli for 
the same price, says Malaker. 

—George Nobbe 
Access: Stephen F 
Malaker, Cryodynamics, Inc., 
191 Mill Lane, Mountainside, 
NJ 17092. 




